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INTRODUCTION

The purpose of this work was to obtain some quantitative measure of
relative performance for two very different programming languages. One
language was FORTRAN and the other was the Klerer-May (4) (K-M) two-
dimensional (2-D) language. In this 2-D language, programming of most
algebraic expressions requires little or no alteration of the text book form
when typed on a input/output typewriter with mathematical typing capability.
The general syntax of the language was designed so as to minimize the learn-
ing period of the novice user, to minimize programming error by using ordin-
ary mathematical notation and semantics, and to be self-documenting and
easily readable by anyone with a minimum of mathematical literacy.

Some of the basic style associated with the K-M 2-D programming system
is illustrated by the examples to be found in appendices D and E. Programs
are input by typing on a modified I/O typewriter. Half-space subscripting
and superscripting are under keyboard control and arbitrary-sized common
mathematical symbols may be "drawn" by the use of eight special characters
that "interlock" so that the complete symbo! appears to be continuous. Cor-
rections can be made by overtyping or by pressing a special "erase" key
when positioned over the unwanted character. Mathematical symbols need not
be typed neatly as the system was designed to recognize highly asymmetric
representations of basic symbols and to tolerate non-uniform spacing in both
horizontal and vertical directions. Arbitrary back and forward spacing, up
and down spacing, intermixed with typing, is permitted within the boundaries
of a single (compound) statement terminated horizontally by a period. The
reference manual for the basic system is printed on two sides of a plastic 8
1/4 by 10 3/4 inch sheet which is illustrated in appendix C. The philosophy
of the system is to permit the user to exercise a variety of (sometimes equiva-
lent) syntactical forms identical to ordinary mathematical notation, to allow
easy input even by awkward typists, and to minimize the amount of procedur-
al and linguistic detail necessary for use of the system. Ambigious input is
resolved by the use of context dependent processing and, prior to full com-
pilation and execution, by output to the user of a Fortran-like linear interpre-
tation of his input. The user can then correct or edit his program if the
system's interpretation differs from his own.

However, as has been previously noted (1,3,7), experiments to test the
relative efficiency of programming languages are difficult to carry out for
several reasons. Long term studies on professional programmers engaged in
producing a large production program present administrative difficulties, since
the interests of those responsible for producing the program (e.g. minimizing
costs) are not necessarily the same as those who are interested in studying
the project in ways that assure statistical validity. Also, having another
group duplicate the program using a different language is nearly always not
practical. Shorter studies on artificial test problems tend to produce results
of dubious statistical validity. This stems from the difficulty in controlling
the human factors than can affect the results of such an experiment, the
small number of subjects usually available, but most importantly the tremen-
dously large variance or range in performance from one individual to another
(1,3,5). My own personal experience in directing a computing center for




many vyears and in managing programming efforts has led me to believe that a
gifted programmer can produce checked-out code (regardless of the program-
ming language) at a rate which appears to be 10 to 100 times faster than a
programmer who is competent but of mediocre talent.

Because of these considerations it was decided to carry out some initial
studies on a population consisting of students who were taking a first comput-
ing course using FORTRAN as a programming language. [t could be expected
that such a group would be relatively homogeneous in terms of education,
work experience, and previous knowledge of computing. Also, the experimen-
tal procedures would be easier to administer if the instructor of the course
agreed to cooperate and if the students were told that their participation in
the experiment would be credited toward their work. However, the require-
ment that the experiment not interfere unduly with the normal curriculum of
the course forced the use of test problems of minimal expectation effort to be
assigned to that phase where the two languages were compared (Experiment
II). Further, as a desireable side effect, it might be expected that the use of
these very simple problems might narrow down the variance associated with
natural programming ability. Also, in order to gain some feeling for the
inherent variability of the results for less artificial problems, a separate
study (Experiment I) was undertaken.

EXPERIMENT I (Fortran Timing)

PURPOSE

The purpose of this experiment was to gather performance (time) data
for students learning FORTRAN.,

METHOD

The subjects were students in a first level graduate computing course.
There was no interference with the normal conduct of the course and students
were asked only to supply time data for programming, debugging, keypunch-
ing, wait time, and number of debugging runs. The Fortran text was by
McCracken (2) and problems were those picked by the instructor without
regard to the purpose of this data sampling.

RESULTS

The detailed results of this experiment are given in Appendix A. The
set of results for each assigned problem is first identified by the heading
"fortran Timing Results", followed by the problem number and page where it
may be found in McCracken's book. The number of student responses for
each problem is also given. The first block is the raw input data specifying
programming time, keypunch time, the number of debug runs, debug time,
debug keypunch time, and computer wait time, as reported by each student.
Where r.o data was reported for any item, the code 9191 was entered at the
appropriate place. The next block gives the statistical results computed from
the raw data. In cases where data was not reported for either programming




time or debug vime for a specific problem and student then the sum of the
average programming time plus average debug time might differ from the
average of total (programming plus debug) time since total programming was
not defined unless both items were reported together.

In the next output block, the average, range (difference between maxi-
mum and minimum), performance ratio (maximum divided by minimum, where a
line of asteriks indicates that the ratio was in excess of a meaningful value),
variance, and standard deviation associated with each measured category are
given.

The last output block for each problem is a distribution plot of total
programming time for the set of students. In each plot the vertical line
labeled M denotes the median point and the vertical line labeled A denotes the
poirll)tl which represents the average total programming time for the particular
problem.

The actual problems are given in Appendix D. There, McCracken's
problems are shown side by side with the corresponding K-M programs which
are solutions to McCracken's problems. The purpose of this appendix is to
illustrate how little translation is necessary to go from the problem statement
stage to the actual 2-D programs. It should also be pointed out that anyone
with elementary mathematical literacy should be able to understand the K-M
programs without prior instruction. The only artifices that might require
, referral to the K-M reference manual (Appendix C) might be the DIMENSION
‘[ declaration (but whose meaning would be obvious to anyone with experience in
? any other programming language) and the use of the "ket" brackets following
| a variable to enclose the number representing the field size of the integer to
|

be printed.
DISCUSSION

The results of this experiment make clear that there is a wide variation
in individual programming performance. This is consistent with previously
reported results (3). For meaningful sample size, the performance ratio
associated with the measure of total programming time varied from a low of 10
to a high of 50 over the set of problems. For a category such as debug
time, it was difficult to assign a meaningful performance ratio since this could
vary from zero to relatively large quotients. Even the performance ratio
associated with keypunch time seemed to be dependent on the particular
problem. This might indicate that a certain portion of what was reported as
keypunch time was not just the timing of mechanical effort but might include
"think time" connected with each problem.

Furthermore, the distribution of these results tend to be highly skewed
with large variances. The asymmetric nature of each distribution of total
programming time is indicated by the relative separation between average and
median on each plot. If should be noted that each distribution was plotted
on a relative scale which was a function of the maximum element in the set,
i.e., the maximum element always occurs on the extreme right of the plot.
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But it is indeed surprising that such wide performance variations appear
for such elementary problems and in a novice population with an expectation
of relative homogeneity. Previous results suggest that these wide variations
are also consistent with the performance of experienced programmers (1,3,6).

An important question to be addressed is whether such results are
unique to programming or are they typical of performance in other technical
or professional fields? 1t is difficult to think of another field which both
allows the formation of a metric of quantitative performance and for which
there is typically a wide range of performance. The only endeavors which
come to mind that are characterized by analogous or even a greater range in
quantitative performance are those of invention or scientific discovery.
However, it would appear that the quality of intellectual endeavor associated
with invention or scientific discovery is of a much higher plane than the
mundane task of programming. Or, indeed is this really so?

The problem of the great wvariance in performance for invention and
scientific discovery was examined by Shockley (6). Even in a highly selected
population sample of research workers in scientific laboratories, he found that
some individuals were at least fifty times more productive than others in
equivalent circumstances.

Shockley speculated that these statistics might be explained by a model
of human intelligence where each individual had a capability of being able to
be aware of M ideas and their relationships simultaneously. Furthermore,
since a higher value of M would allow many more permutations and combina-
tions of basic ideas, then a relatively small increment in the value of M would
cause a disproportionally larger increase in the total number of permuted or
combined basic ideas relevant to an invention or intellectual discovery. An
alternate model, also proposed by Shockley, would link intellectual productiv-
ity to the product of independently varying different factors. If the number
of factors were large, and if one individual's factors each exceed that of
another individual by a modest amount, the overall product of factors will be
very different between the two individuals. Shockley also gives some hints
as to how one can determine the parameters of each model (e.g., the value of
"M") by studying the statistics of productivity.

For the case of programming, where one must keep in mind many consid-
erations, Shockley's first model seems attractive. In fact, based on personal
introspection, and informal discussions with other individuals as to how they
function in the process of programming, it would appear that the capability of
perceiving several ideas and their relationships simultaneously may be crucial
to successful, efficient programming.

There are other ways of regarding these resuits. We could conclude
that we must be more selective in training and employing programmers, since
those programmers who do less well than the median exert a highly dispropor-
tionate negative effect on programming performance. But in view of the
current shortage of programmers, this does not appear to be a practical
alternative, even if one were to agree on an efficient selection criteria.
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However, it does provide a clue as to why very large programming teams tend
to be slower in producing a programming product than a highly selected tiny
group. The overall performance of a group tends to be lower than its most
inefficient member.

But one can treat this matter from a more disparate point of view. Put
bluntly, it would appear that the results suggest that most people who do
programming simply do not possess the special intellectual skills to easily
program on an appropriately competant level. [If one wishes to speculate
within the framework of such a model, then it would appear that much of the
present concern with program errors and program reliability may be missing
the essense of the phenomenon. Instead of these errors being evidence of
inadequate system methodology (e.g. an inadequate program structure), they
may indeed point to essentially random psychological effects brought about by
an inability to perform to the level of the programming task.

Regardless of the precise theoretical model to account for this wide
variation in performance, it would seem that the nature of the phenomenon
dictates the most efficient solution, i.e., automatic programming systems for
that (large) part of programming tasks which are well formulated in some
sense and where the translation from problem statement to computer code is
essentially deterministic.

EXPERIMENT 11 (2-D vs Fortran)

PURPOSE

The purpose was to measure the comparative performance of programming
novices, with some experience in FORTRAN, upon brief exposure to a 2-D
language.
METHOD

Two very simple problems were chosen so as not to interfere with the
usual classroom objectives. Problem #1 was:

" Print Y for values of X starting at X = 0.1 increasing in steps of 0.2
until X = 0.9 where

and problem #2 was:

100 + 50X+25X°2
3

P =

10 X3 + 2x3

Print Pfor X=1,2, ..., 6."




The experiment was repeated for two different classes taking a graduate
tirst course offering in computer science where FORTRAN was introduced as a
programming language. At the time the students were asked to participate in
the experiment, they had already had approximately 20 to 23 hours of formal
classroom instruction in elementary computing using FORTRAN. Also, in the
preceding 10 weeks, they had had the opportunity of solving problems using
FORTRAN. The formal lecture on the 2-D language was approximately one
hour long. Also, they were given a copy of the one-sheet user manual for
the language and a set of 1t sample problems illustrating 2-D programs, the
initial computer conversion to a linear program {ormat, the output of the
automatic translation phase into FORTRAN, data input and the oulput results.
Students were advised that they should not spend more than two hours look-
ing over this "take home" material before attempting the problem. Thus, in
terms of formal training and practice, the students had a background favor-
ing FORTRAN competency by a factor of at least 20 to 1. Of course, we are
not unmindful that there is a transfer learning effect from one language to
another, but this requires study under an experiment of different design.
None-the-less, it appears unlikely that, for the case of a novice population,
the transfer learning effect would be so large as to diminish significantly the
large bias of the experiment toward FORTRAN competancy. ©Put another way,
any significant difference between the 2-D language and FORTRAN, if ex-
pressed as a pertormance ratio, should be multiplied by a "handicap" factor.
This factor should have a magnitude lying somewhere between 1 and 20.

Each class was randomly divided into two equal groups. Group 1 was
assigned problem #! to be done in FORTRAN and Problem #2 to be done in
K-M. Group 1l was assighed Problem #1 to be done in K-M and Problem #2 to
be done in FORTRAN. The completed FORTRAN problems were required to
be returned two weeks later. Since there were not sufficient terminals avail-
able for the class to input the K-M programs directly, within the given time
limitations, they were asked to return their hand-written K-M programs one
week later at the beginning of the class. These programs were visually
inspected for correctness, and, where needed, error message output was
simulated and returned to the students for further debugging. [inal hand-
written K-M programs were returned by the students one week later. The
use of hand-written program input is not unusual with K-M systems practice.
At Columbia University's Hudson Laboratories, where the K-M system was
used as a production system (1) tor several years, users were given the
option of either typing their programs directly for online (or offline) process-
ing or having their programs typed by the typists employed in the computing
center and processed offline. Our experience at Columbia indicated that the
effort and error rate involved in typing K-M programs were no greater than
that involved in the equivalent typing of mathematical text using a standard
office typewriter. We also concluded thal the input typing error rate for the
K-M program was substantially less than the error rate experienced in Key-
punching the equivalent FORTRAN program. Our experience, then, led us to
believe that, in a practical sense, the K-M language was more suitable than
FORTRAN, to a computing center environment which tried to convenience
users by accepting hand written input for program compilation. However, we
should note that these conclusions were based on our informal observations




and no formal experiments were made 1o obtain a precise measure of these
comparisons.

RESULTS

Since a few of the final programs were still flawed by major or minor
errors, an additional weighted data set for each class was processed to reflect
these errors. The weighting was as follows: If the program was incorrect,
then 50% of the programming time was added to the debug time, the sum
being treated as the weighted debug time. If the program contained a minor
or trivial error then 20% of the programming time was added to the debug
time, the sum being treated as the weighted debug time. However, the
results of these weighted sets were not substantially different from the un-
weighted data sets.

The results of this experiment are given in Appendix &. The block
labeled as Set #l first gives the raw data reported by the class of 20 students
for K~M programming time, K-M debug time, FORTRAN programming time, and
FORTRAN debug time. Data for FORTRAN keypunch time, number of debug
runs, debug keypunch time, and wait time arc also reported bul were not
processed at this time.

Following the raw data, the total programming time (programming time +
debug time) is arranged as a two-by-two cellular array, where the elements
of each cell list total programming time corresponding to probiem number and
language.

For problem 1, the mean (total) programming 1time ratio (thh) of

FORTRAN vs K-M is 3.6 and for problem 2 the FORTRAN vs K-M time ratio
is 2.9. The corresponding unbiased estimates of the standard deviations are
given and are typically very large for each datum. As we have noted pre-
viously, these ratios should be multiplied by a "handicap" factor h, where
1<h<20, to give a truer picture of the performance of one language relative to
the other. Thus if we define economic efficiency (E) to be inversely propor-
tional to total programming time, then the economic efficiency of K-M vs
FORTRAN as a function of problem would be

- FK
EKF = th .
An analysis of variance indicates that the difference between the two lang-
uages is significant at the ¢ = .05 level, and that the difference between the
two problems is not significant at the ¢ = .05 level but may be considered
significant at the ¢ = .1 level.

The results for the weighted set 1 are not dramatically different. Yor
problem 1, REK = 3.96 and for problem 2, R{K = 3.7. The analysis of
variance indicates that the difference between the two languages is significant
at the ¢ = .05 level and that the difference between the two problems is not
significant. The main effect of the weighting was to increase the FORTRAN vs
K-M programming time ratio for problem 2 and to also increase the relative
variances, accounting for the lessened statistical significance of the resuits.




The results of set #2 are based on a much larger sample than that used
in Set #1 (34 students compared to 20 in the previous sample). For problem
#1, the mean (total) programming time ratio of FORTRAN vs K-M is RiK =
6.4. Vtor problem 2, RH\ = 1.76. In cach case the economic efficiency of

t .
K-M vs FORTRAN is given by I . = hR| ", 1<h<20.

Kb

The analysis of variance for this set indicates that the difference be-
tween the two languages is significant at the ¢ = .001 level and that the
difference between the two problems is significant at the ¢ = .05 level.
Also, there 1s a non-neglible interaction between problem type and language.
iltl\ = 7.1 for problem 1, th‘K = 1.76 for
problem 2. The analysis of variance indicates that the difference between the
two languages is significant at the & = .005 level and that the difference
between the two problems is significant at the ¢ = .05 level.

For the weighted set =2, |

DISCUSSION

These experiments otfer clear evidence that there Is a decided economic
advantage for novices in using a two-dimensional approach to scientific/
engineering application programming. There is reason to believe that the
relative advantage ot the 2-D approach becomes even greater when used in a
production environment for complex application programs (l). One of the
several reasons for this 1s that the 2-) programming approach models exactly
in many cases, or very closely in the remaining cases, visually complex
mathematical formula. Theretore, a certain part of the dubugging task simpli-
fies to routine proof reading of the original problem formulae contrasted to
the 2-D program statements. Thus there is a marked reduction of program
error for complex formulae representation due to the fact that the translation
from problem to program is either identical or characterized by minimal
change. The same philosophy applies to the syntax of input-output which is
a major source of program error in such languages as FORTRAN. The K-M
language uses free-field and type-independent input and several kinds of
output forms, both linear and two-dimensional, so that checking output
syntax as a function of probiem specification is also reduced to a proof
reading task (see Appendices C and L for some examples).

However, the process of making precise objective judgements of rclative
language efficiency confronts many difficult problems of experimental design
and practical implementation due to the large range of individual programming
capability. Judgement of precise 2-D programming efficiency is particularly
difficult because of its novel programming approach, the relative unavailabil-
ity of suitable input terminals, and the artificial intelligence aspects of the
system design for a 2-D effective system. None-the-less, the relative eco-
nomic efficiency factor of a 2-D language such as K-M when compared to a
linear programming language such as FORTRAN, appears to be so large that
only an order of magnitude best estimate seems to be sufficient. This best
estimate is expressed above by the term EKF’ Certainly, further experimen-

tation along these lines is appropriate to obtain best estimates within a
narrower range.
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APPENDIX A

FORTRAN TIMING RLESULTS
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FuninAN HEMING RESULTS
PELHLEM 8 Lo PaGF 195
NUMBER Cr SIUCENIS= 2

NOFE THAT ALY LIME INFORMATION £5 N SECONODS
) (2) (3 (a) (514 (61

SILCENT PRCGRAMMING KEYPUNCH DEBUG DEBUG DEBUG WAalY

10 TIME TIME KUNS TIME KEYPUNCH TIME
TIME

H. 1300, 300. 3. 1800. 300. 1800.

29, 1500, 1200, 2 3600, 300. 600,

NCTE THAT THE NUMBER 9191 {5 A CODE fO SIGNIFY
AT NO UOATA SUPPLIED FOR THIS INSTANCE

SIATISTICAL RESULIS
NCTE THAT TOTAL PROGRAMMING TIME 1S5 NOT
LEFINED (Ff THERE IS NC OATA FOR EITHER
FROCHAMMING YTiME OCR FGR DEBUGGING TIME

AVEKAGE PROGRAMMING TIME = 1650+ SECONDS
AVERAGE CEBUG TIME = 2700. SECONDS

AVERAGE PRCOGRAMMING TIME ¢ AVERAGE DEBUG TIME = 4350. SECONDS

AVERAGE RANGE PERFORMANCE YARIANCE STANDARD

RATIO DEVEATION
PRCOGRAMMING TIME 1650. 300. 1.2 0.45000& 05 212,
KEYPUNCH TIME 1050. 300. 1.3 0.45000E 05 212,
CEBLG RUNS 3. ie 1.5 * 0.50000€ 00 1.
DEBLG TIME 2100, 1800. 2.0 Q.16200E& 07 1273,
OEBUG KEYPUNCH TIME 600, 600. - 3.0 0.18000€ Q6 424,
wWALT TIMFE 1200, 1200. 3.0 0.72000€ 06 849,
ICTIPROLADEBUG) TIME 4350, 1500. 1.4 0.11250& 07 106t,

NCTE THAT ALL T IMES ARE [N SECONOS

NCTE THAT IF THE MINIMUM DATA ELEMENT S 0. THEN ONLY
IN THE CALCULAIION FOR PERFORMANCE RAT(D THE O IN THE
CENCMINATOR IS REPLACED BY 1}

DISIREBUNICN CF TOTAL PROGRAMMING (IME

..................................... e m e m e canf - - ———— - - -
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FORTIRAN TIMING kESULLS
PROBLEM ¥ 5 PAGE 19
NUMBER OF STUDENIS= 24

NOTE FHAT ALL TIME INFORMATION I35 IN SECUND>S

(1 (21 (1) {49 15) 16)
STUCENT PROGRAMPING KEVPUNCH DEBUG DEBUG 0EBUG WALl
ic T1ME TIME  RUNS T1ME KEYPUNCH (IME
- TIME
L. 1300. . 1800. 1. 300. 0. 1200. ’
2. 600. 300. 2. 600. 1200, 4800.
3. 1020. 1200, 0. c. 0. 1200. .
4. 900. 2100. 1. 600. 2100, 8100, ’
5. 4200. 7500. 1. 300. 120, 900,
6. 21700. 3900. 3. 5400. 5400. 2700.
1. 1500. 3600. 3. 3600, 4200. 4500, j
'R 300. 600, 0. Ce 0. 71200.
9. 1800. 2100. 2. 900, . 900, 1800..
10. 300. 600. 0. R 0. 1500.
1. 2280. 1200. 0. 0. 0. 600.
12. 300, 1800. 0, 0. 0, 907,
13. 300. 900. 2. 2100. 300, 6000,
14. 4200, 1200, 3. 10800, 15000. 10800.
15, 1820. 3600, 1. 1200, 1500, 1800,
la. 320. 1020. 1. 300. 60. 1200.
1. 1800. 5400, 2. 2400, 1200. 3600.
13. 5100. 3900, 1. 300. 600.  300.
15. 1800, 3600, 2. 2100, 3600, 5400,
20. 1200. 2700. 3. t200. 600, 1300, .
21, 1800. 3600. 1. 900. 1800. 1680, !
22. 2100. 2100. 0. 0. 0, 900.
23. 900. 1800. 3. 27100. 1300. 600.
264. 1500. 2400, 2, 900. 1200. 2100,

NCTE THAT THE NUMBER 9191 IS5 & CODE TO SIGNIFY
Tnal NO OATA SUPPLIED FOR THIS INSTANCE

STATISTICAL BESULTS
NCTE THAT TC7AL PROGRAMNING TIME IS NOT
OEF INED IF THERE 1S NO DATA FOR E { THER
PROGRAMMING TIME DR FGR DEBYGGING VIME

AVERAGE PROGRAMMING TIME = 11713, SECONDS
AVERAGE DEBUG TIME = 1575. SECOGNDS

AVERAGE PRCGRAMMING TIME ¢ AVERAGE DEBUG TIME = 3288. SECONDS

AVERAGE KANGE PERFORMANCE VARIANCE STANDARD

RATLO DEVIATION
PROGRAMMING T IME i713. 4800, 7.0 0.155713 07 1248,
KEVPUNCH TIME 2705. 7200. 25.0 0.35601E 07 1837,
CEBUG RUNS 1. 3. 3.0 0.11597€ OL 1.
DEBLG TIME : 1575. 10800, ¢esse 0.54619¢ 07 2337,
DEBUG KEYPUNCH (IME 1758. 15000, ¢ssss 0.96919¢ 07 3113,
Wafl TIME 2983, 10500, 36.0 0.73360E 7 2139,

TCT(PRCGDEBUG) TIME 3288. 14700, 50.0 0.94322€ Q1 3osl.

A2
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MNOTE Giial ALL TIMYS ARE N SECUhOS

NULE VHAT I+ THE MINLMUM DATA ELEMENT 15 Os THEN ONLY
tN THE Cal CUL AT ION FOF PERFURMANCE RATID IHt C IN IHE
CENGMINATOR 1S REPLACED By )

DISIRIBUIION OF JUTAL PRUGRAMMING T1IMC

R T T LY L g R Tt cefmm - —— e ————- —————
. * g% »
»

A A = average
M = median

allmtast

A




FCRIRAN FIMING RESULTS

PRNBLEM # B PAGE 19

NUNBER GF STUDENIS= 24

NOTE THAT ALL TIME INFORMATIGN [5 N SECONOS
(1} 2y (3 (4} {51 {16}

STLCENT PRCLRAMMING KEYPUNCH 0DEBUG VEBUG DEBUG Watt
[ £ VIME TIME RUNS TIME KEYPUNCH [FINME
' TIME

1. 900, 600. 1.’ 60, 180. 1200.
2. 600, 300. 2. 604Q. 1200, 4800.
1. 2220. 1500. 0. Qe 0., 1200.
4. 1800. 2400. 1. 60Q, 60, 4200.
Se 27100, 5400. Q. Q. Q. 600.
b, 3600, 4500, 2. 3000, «800. 2700,
I. 1200, 3600. 2, 2700, 4200, 2400,
8, 300. 480. 0. Q. 0. 71200,
J. 2100, L800. 2. 900. 900, 1800,
10. %20, 900. 1. 3Q00. 180. 1200.
1§ S 3000, 1320. 0. Q. 0. 1200,
12. 300. 1800. 0. Qe Q. 9400.
13. 600, 900. l. 300. 120, 1500,
L4, 3600. ©500. 2, 7800. 3600. 3600,
15. 2700. 4500. 0. Q. 0. 18Q0,
16. 540, 1200. 0. Oa 0. §800.
il. 1800. 5400. 2, 1200. 600, 3600.
td. 2100. 1500. 0. Ce 0, 300.
13. 3600. . 3600. 1. 300. 900, 1£80Q0.
20. 900. 2100, 2. 300, 600, 900.
21. 1200. 2400, 3. 4800, 300, 2040,
22. 2700. 2100. [ 12060, 300, 1800.
23, 900. 900. 9191, 34600, 1800, 600.
24, 1800, 21Q0. 2. 1200. 900, 2400.

NCEE THAT THE NUMBER 9191 IS5 & CODE 1O SIGNIFY
THAT NO OATA SUPPLLED FOR THIS INSTANCE

STATLSTICAL RESWLTS
NGIE THAT TOTAL PROGRAMMING T IME 15 NOTY
CEFINED IF THERE IS NO DATA FOR EITHER
FRCGRAMMING FIME OR FGR DEBUGGING TIME

AVERAGE PROGRAMMING TIME = 1733. SECUNOS
AVERAGE DEBUG TIME = 1253, SECCONDS

AVERAGE PRGGRAMMING T IME ¢ AVERAGE DEBUG TIME = 2985, SECONDS

AVERAGE RANGE PERFORMANCE VARIANCE STANDARD

RATIO DEVIATION
PROGRAMMING T IME 1733, 3300, 12.0 0.11608E 07 10717,
KEYPUNCH T IME 2400, 4920, iL.3 0.23022€ 07 1517,
DEBUG RUNS le 3. © 3.0 0.86201E 00 1.
CEBULG TINE 1253, 71800, e¢s3es 0.34639¢ 07 1461,
CEBLG KEVPUNCH TIME 385, 4800, #%¥ap "0.18190¢€ 0OV 1349,
WALL TIME 2148, 6900, 24.0 0.2330%4€ 07 1546,

TCT(PROG+DEBUGY TIME 2935, 11100, 33.0 0.58t98¢E Q¢ 24l2.

A4
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NCIE trAT ALL FIML> ART IN >LCLRDDS
NCTE THAT (r fHE MINIMUM CATA ELEMENTD 15 3, THEN (LY
IN THE CALCULATION FOR PERFORAANCE RATID THE O IN JHE
CENCMINATOR |5 REPLACED By 1

| DISIKIBUTICN CF IDTAL PRUGRAMMING TIME

|
L Y T O D T, DO 1 DR L T b »

» * L * *
*
1 *

A = average
M M = median




FLCRIRAN TIMIMG FESULIS
PRCELEM # & PAGE 39 HWK 5
NUMBER CF STUDENIS= 2

NOFTE THAT ALL TIME INFUKMATION IS IN SECUNDS
(B} 2] (3r (&) {51 [X-3)

SELLENT PROGRAMMING KEYPUNCH DEBUG DEBUG DEBUG walTr

10 TIME TIME RUNS TIME KEYPUNCH T IME
TIME

7. 2400. 2400. 2. 2400, 3000. 180v.

5. 1306. 600, 0. C. 0. 300.

NCIE THAT THE NUMBER 9191 1S A COODE IQ SIGNIFY
TRA&T NG OAJA SUPPLIED FOR THIS INSTANCE

STATISTICAL RESULIS
NCTE THAT TOTAL PRdbRANMlNG T IME (S NOT
OEF INED IF THERE (S NG DATA FOR EITHER
FROGRAMMING TIME OR FOR DEBUGLING TIME

AVERAGE PRCURAMMING TIME = 2100. SECUNOS
SVERAGE UEBUG TIME = 1200. SECONDS

AVERAGE PROGRAMMING TV{ME + AVERAGE DEBUG TIME *= 3300, SECONDS

AVERAGE RANGE PERFORMANCE VARIANCE STANDARO

RAT (O DEVIATION
PRGOGRAMMING TIME . 2100. 600. 1.3 0.18000E 06 424.
KEYPUNCH TIME 15040. 1800. 4.0 0.16200E 07 1213,
DEBLG RUNS le 2. 2.0 0,20000€ Ol 1.
DEBUG T IME 1200. 2400, w*s8s 0.28800€E 07 1697,
CEBUG KEYPUNCH TIME 1500, 3000, sssxx 0,45000€ 07 2121.
WALT TIME 1050. 1500. 6.0 0.11250€ 07 1061.

TCEH(PROG¢DEBUG) IME 3300. 3000. 2,17 0.45000% 07 2121.
NGTE THAT ALL TIMES ARE IN SECONDS

NCIE THAL 1F {HE MINIMUM DA JA ELEMENT (35 O, THEN ONLY

IN THE CALCULATION FOR PERFORMANCE RATI0 VHE QO (N THE

DENCMINATOR IS REPLACED 8Y )

DISTRIBUTICN OF TOTAL PROGRAMMING TIME

- o v it e e e e H e o e e e e B e 4 P 2 S P o W o o o

Ab
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FCRIRAN FLMING RESULT S
PROBLEM # 13 PAGE 90 HWwK S1(h &)
NUMBER OF STUDENIS= 1o

NDTE THAT ALL TIME INFORMATION IS IN SECONDS
(n (2) (3 (&) 51

STULENT PRCGRAMMING KEVPUNCH DEBUG DEBUG DEBUG

0 TIME (1 HE RUNS TIME KEYPUNCH
VIME
3. 600. 900. 2. 600. 300.
6. 1800. 4200. 4. 300. 1300,
7. 1800. 1800. 2. 1800. 2400.
21. 4500. 27100. 3. 630C. 1800.
16. 1800. 184G0. 3. 1500. 300.
15. 3600. 3600. L 4500. 900.
12, 1200. 27100, 0. Ce C.
17. 3600. 3600. 1. 1800. 900.
22, 4800. 1500. 1. 900, 600.
25. 1800. 1200. 1. 600, 300.
26. 600. 1200. 2. 360. 300.
3. 92000. 3600. 1, 600, 600.
3. 5400. 2700. 8. 13800, 3000.
24, 2700. 1800. 4. 3000. 2400.
23. 3600. 2700. Se 3600, 3600,
1. 3600. 3600. 2, 3000, 3600,

NCTE THAT THE NUMBER 9191 IS A CODE VD SIGNIFY
ThHAT NO DAIA SUPPLIED FOR THIS INSTANCE

SFAFISTICAL RESULTS
NOTE THAT TOTAL PROGKAMMING T IME IS NOV
DEF INFO (F THERE 1S5S NG DATA FOR EITHER
PROCRAMMING TIME OR FCR DEBUGGING TIME

AveRAGE PRCGRAMMING TIME = 3525, SECUNDS
AVERAGE DEBUG TIME = 2741. SECONDS

(6)

WALT
T IME

600,
3900.
1500.
5400,
3600,
5400 .
2100.
1800,
6000.
600.°
1200,
300.
9009.
1800,
3600,
1800.

AVFKAGE PKCGRAMMING T{ME ¢ AVERAGE DEBUG TIME = 6266. SECGNDS

AVERAGE RANGE PERFORMANCE VARIANCE STANDARD

RATIO DEVIATION
PROGRAMMING TIME 3525, 8400, 15.0 0.54056E 07  2325.
KEVPUNLH TIME 2475. 3300, 4.7 0.10181€ 07 1009,
DEBLG RUNS 3. 8. 8.0 0.37500€ Ol 2.
DEBUG TIME 2741. 13800, es#3% ,0.11039€ 08 3323,
DEBUG KEYPUNCH TIME 1838, 7800, s*es¢ 0.37448E 07 1935,
WAET TIME 3075. 8700. 30.0 0.54169€ 07T 2327,
TCI{PROG*DEBUG) FIME  6266. 18240, 20.0 0.20107€ 08 4484,
NCTE THAT ALL TIMES ARE IN SECONDS
NOTE FHAT IF THE MINIMUM DATA ELEMENF (S O, FHEN ONLY
In THE CALCULATION FGR PERFORMANCE RATEO THE 0 IN THE
DEMCMINATOR S REPLACED BY 1
D5 IRIBUFICN CF TOTAL PRDGRAMMING [ IME
EIT ¥ R R ¥ I ot-—l-—o--‘—‘--~t-~-. ------------------------------ .
» . | .
l A A = average
M M = median
A7




FCRIRAN TIMING RESULTS
PRGELEM # 13 PAGE 90 HWK 5
NUMBER CF STUCENIS= b

NOTE [HAT aLL TIME INFORMATION IS IN SECONDS
() (2) {3) t4) (5 (6)

STUCENT PRCGRAMNING KEYPUNCH DEBUG DEBUG DEBUG  WAIT
ic 1IME TIME  RUNS TIME KEYPUNCH TIM4E
) TIME

3. 300. 900. 3. 900, 300.  600. -/

6. 12004 3300. 3. 1800, 6300. 3600,

1. 1500. 1500, 1. 1800, 1800. 500, A

21. 3600. 2100. 2. 3600, 1500, 3600. 3
16. 2100. 2100. 5. 2400, 1200. 5400.
12. 1300. 2100. L. 600, 0. 1200,
1. 1800. 3600, 1. 900. 900. 1800. ,
22. 570C. 1740. 2, 174C. 1200, 7200,
20. 2100, 1800. 5. 1300, 1800. 9191.
25. 1800. 1200. 3. 3600, 900. 1500.
26. 600. 1200. 1. 60, 60,  900.
13, 3600. 2100. 5. 1200. 3600. 2400:

3. 9000. 3000. 8. 4800, 3600, 9000.
24, 1300, 1200. 3. 3000. 2400. 1200.
23. 2100. 2700, 5. 3600. 3600. 3603.

. 3600. 3600. 4. 3600, 180C. 1800.

NCEE THAT THE NUMBER 9191 13 A CODE YO SIGNIFY
THAT NO DATA SUPPLIED FOR THIS INSTANCE

STATISTICAL RESULIS
NLIE FHAT TOFAL PROGRAMMING T IME [S NOI
DEF INED IF THERE 15 NG DATA FIR EITHER
PROGRAMMING [IME OR FOR DEBUGGING T IME

AVERAGE PRCGRAMMING TIME = 3id8. SECONDS
- AVERAGE OEBUG TIME = 2963. SECONDS

BVERAGE PROGRAMMING FIME ¢ AVERAGE DEBUG TIME = 6150, SECONDS

AVERAGE RANGE PERFORMANCE VARIANCE STANOARD

RATIO DEVIATION
PROGRAMMING TIME 3laa, 3400. 15.0 0.49936E 07 2235,
KEYPUNCH T IME 2209, 2700. 4.0 0.75565E 06 369.
OEBUG RUNS 3. 7. 8.0 0.36875E O} 2.
CEBUG T IME ‘2963, 7T740. 130.0 0.45868€ 07 2142.
0EBUG KEYPUNCH TIME 1935, 6300, #esrs 0.25616E O7 1601.
WALL FIME 2960, 8+400. t5.0 0.59904F 07 2427,

TCI(PROG*DEBUG) FIME 6150, 14340. 22.17 0.15732€E 08 3966,
NCTE THAT ALt TIMES ARE [N SECONOS

NCTE THAT IF FHE MINIMUM DATA ELEMENT IS O+ THEN ONLY
IN THE CALCULATION FOR PERFORMANCE RATIQ THE O IN THE
CENCMENAICR &S REPLACED BY 1

DISIKRIBUFICN OF FOTAL PROGRAMMING TIME
|

—-0--——0~-0.-—#--——.-"—‘———1—-«‘# --------------- [ RS —— .
| .
M A A = average
M = median
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FURINAN TIMING KEaol b
PRIBLEM ¥ 3 PAGE L1% hWk olit 5) - !
NUMRER CF STUDENTS- 18
NUTE fTHAY ALL TIMF ILNFURMATION 15 IN SECONDS
i) £2) (3 (4) 15) 16}
SILCENT PRUGRAMMING KEYPUNCH  DEBUG DEBUS DEBUG WALl
i TiME FIME  RUNS TIME KEYPUNCH T IME
TIME i
A

3. 900. 300. 3 300. 600, 1300.

6. 3600, 3300, 4, 6900, 3600. 3900,

1. 1500, 1500. 3. 3000. 3000. 1800, .
21 6300, 5700. 2. 5400, 600. 5400. Y
16. 1200. 200, 2. 1504. 600, 4500.

12. 1300. 2700, 0. 0. 0. 1800.
15. 2100, 9191, 1. 1800, 300. 1800. 3

4. 1500, 2100. 3. 120Q. 600. 2400, 1

22. 5400. 1980. 1. 1500, 300. 7200.
20. $00. 2100, 2. 1500. 300. 9191,
25, 1800, 1200. 4. 3600. 1200. 1800.
26, 1200. 1500. 1. 600 240, 1200,
13. 14400, 5400. 3, 34600, 2700, 600.
13. i800. 900. 1, 8400, 1800, 4500,

3. 3000, 1300, 6. 10200. 3600, 71200.
24. 1806, 1200. 4, 2400, 2100. 1800.
23, 3600. 3600, 6. 5400, 27100. 2700.

1. 3600. 1800, 2. 360C. 2400. 1800.

NCITE FHAY THE NUMBER 9191 15 A CODE TD SIGNIFY
THAT NO DATA SUPPLLED FOR THI> INSYANCE

STATLISIICAL RESWL IS
NCIE THafl IGTAL PROGRAMMEING T IME 1S NOY
CEFEINED IF THERE 1S MO DATA FOR EITHER
FROGRAMMING TFIMF OR FOGR DEBUGGLING TINE

AVERAGE PROGRAMMING TIME = 3167, SECONDS
AVFRAGT DEBUG FIME = 3417, SECONDS

AVERAGE PROGRAMPMING TIME + AVERAGE DEBUG TIME « 6583, SECONOGS

AVERAGE RANGE PERFORMANCE *VARIANCE STANDARD

RATIO DEVIATION
PRUGRAMMING [ IME 3161, 13500, 16.0 0,96022E 07 3099,
KEYPUNCH TIME 2269. ©800. 6.3 0.20157E o7 14204
DEDUL RUNS 3. 1. 1.0 0.3444%4E 01 2,
DEBIG TIME 3417, 10200, *s¥es 0.7531¢E 07 2755,
DEBUG KEYPUNCH TIME 1580. 3600, ¢%sns 0.12968€ o7 1133,
WALl TIME 3071, 6600. 12.0 0.38703€ a7 1967,

TCT(PROGHDEBUG) TIME 6583, 16200, 10.0 0.20395€ o8 45)6.
NCIE THAT ALL T IMES ARE IN SECGNDS

NUTE THAT (¢ THE MINIMUM DATA ELEMENT I5 O, THEN ONLY

IN [HE CALCULATIUN FOR PERFURMANCE RAJIO THE O IN THE

PENCMINATGR IS REPLACED By 1

DIsIRISLEILe LF BLTAL PROGRAMALNG [ IME

----- - -»0~-———‘0~L ‘---—-—l‘-——-—-—---&---t#--——*-———-—t---— PR D s )
*
: * I i A = average
M A M = medlan
AY
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FORIRAN FIMING RESULTS
PRILLEM # 9 PAGE 1149 MWK &lLh %)
NUMEER OF STUDENFS= 1o

WITE Tral aLL TIME INFORMATION 15 IN SECONUS

(1) (4} {31 (&) (51 (°3]
STULENT PRCURAMMING KEYPUNCH  DEBUG DEBUG DEB UG watyg
1C TiME TIME RUNS T IME KEYPUNCH [ IME
TiME
1. 1800. 1800, 4. 390¢. 3300. 1800,
2t 1200, 1800. 3. 10800, 2400. 10800,
16. 600. 1200, 3. 1800. 200. 3600.
12. 2100, 3000. i 12oq. 600. 4500, X
15. 4200. 3600. S r20C. $400. 1200. !
4. 1300, 3300. 4. 4200, 2400, 13800,
22. 5280. 1920, 2. 2400. 1320. 8100,
23. £800. 3600, 3. 2700. 1200. 9191,
25. 1800. 12Q0. 3. S400. 900. 1800.
3. 900. 900, 2. 600, 300. 1200.
b, 8400. 4800, 4. 7800. ©900. 3900.
26, 480, 900, 1. 9191. 919i. 1500,
1. 6030, 5400, 5. 6600, 3600. 3600,
24. 1500, 1800, 3. 1800. 1500. 1800.
23. 3600, 3600, 6. 1200, 2700. 3600.
i. 3400, 1800, 2. 3600. 60. 1800,

NCYE THAL THE NUMBER 9191 1S A (ODE TO SIGUNLFY
Thal NC DATA SUPPLIED FOR THIS INSTANCE

STATISTICAL RESULTS
NLCTE THAY TGUAL PROGRAMMING [IME S NOJ
DEF INEC LF THERE (S NC DATA FOR EJTHER
PROGRAMMING TIME OR FGR DEBUGGING T IME

AVERAGE PROGRAMMING TIME = 3191, SECONOS
AVERAGE DEBUG TIME = &%20. SECONOS

AVERAGE PROGRAMMING TIME ¢ AVERAGE DEBUG I{ME s T6l{. SECONDS

AVERAGE RANGE PERFORMANCE VARIANCE S5TANDARD

. RATIO DEVIATION
PRCGRAMMING TIME 3191. 1920, 17.5 0.54946E 07 2344,
KEYPUNCH TIME 291 4. 6900. 8.7 0.33673E O7 1335,
CEBLG RUNS 4. lb. 15.0 0.10027E 02 3
DEBUG TIME 4420. 10200. 18.0 0.81176E 07 2849,
OERUG KEYPUNCN TINE 2212. 6840. 115.0 0.34435E O 1356.
WALT TIME 4600. 12600. 1l.5 0.13208E 08 3634,

ICIIPROG*DEBUG) TIME 1792. 16500. 12.0 0.23521€ 08 4850.
NCTE THAT ALL TIMES ARE IN SECONDS

NCTE THAT (F THE MINIMUM DATA ELEMENT 15 0, THEN ONLY

(N THE CALCULAT ION FOR PERFUKMANCE RATID THE O IN THE

DENCMINATOR [S REPLACED BY 1

ODISTR (BLUTION OF FOTAL PROGRAMMING [ IME

Bl ket TR TR Y o-..-..‘-_..l-;--__---~‘.._‘-...._..-;-_..-__~--———‘t: B R 3

.
M A A = average
M = median

A10 !
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FCRIFAN TIMING RESULT .

FROBLEM # 11 FAGE LIS Hwk oliit 51 |

]

AUMBER [:F STULENIS: 1Y i

NOUE InaAl ALL [IME TNFGRMATION fs IN SECUND3 ;

() (2 (31 (41 (s} 16} 1

i
STUCENI PROGRAMMING REYPUNCH DEBUG DEBUG DEBUG  wAll
1D 11IME TIME  RUNS TIME KEYPUNCH TIME

TIME

3. 1800. 1800. 3. 1800. 920. 1830,

6. 5400. 3000. 2. 3600. 5400. 3000. A

7. 1500. 1800, a, 300C. 3000. 1200. J

2. 6600. 2400. 2. 4800, 1300. 1209. v

5. 4500. 3600, 3. 7800. 600.  300. , 7

16. 2100. 1800, 4. 2100, 12060, 5400. ’

12. 4200. 3600. 1. 2100. 1200. 3000.
15. 4800. 2403, 1. 60C, 900. 1200,
. 3600. 3600. 2. 3600, 1800. 1800.

4. €600. 2700, 3, 120¢C. 900. 4200. 1
2. 6300. 2100, l. §s0¢. 300. 7230.
23. 1200. 1800. 2. 600. 1200, 9191.
5. 5730. 3300. 5, 14400, 1500. 2700.
2¢. 1500. 1300, 2. 600, 480. 1200,
13, 14400, 5400. 0. 0. 0. 300.
3. £300. 3600. 15. 10800. 4800. 7200.
24. 360C. 2400, 4. 2700. 2400. 1800.
21. 3600. 2700. 6. 5400, 2700. 3600.
1. 3600. 3600. 2. 3600. 1800. 3000.

NCTE THAT THE NUMBER 9191 IS & CODE 1O SUGNIFvY
THAT NO DATA SUPPLIED FOR THIS INSTANCE

STATLSTICAL RESWIS
NCTE THAT TOTAL PRGGRAMMING T IME 1S NOT
UEFINED IF THERE 1S NC DATA FOR EILTHER
FRGGRAMMING TIMC OR FCR OEBUGGING TIME

AYERAGE PRCGRAMMING TEME = 4535, SECONDS
AVERACE OEBUG TIME = 3695. SECONDS

AVERACE PROGRAMMING TIME ¢ AVEKAGE DEBUG TJTIME = 8289. SECONOS

4VERAGE RANGE PERFORMANCE VARIANCE STANDARD

RATIO DEVIATION
PRULKAMMING T IME 4595, 13200. 12.0 0.84605E 07 2909.
KEYPUNCH TIME 2811, 3600. 3.0 0.85463E 06 924,
CEBLS RUNS 3. 15. 15.0 0.9712%E Ol 3.
OESLG TIME 3695. 14400, #8%3%s 0.13140€ 08 3625.
CEBLG KEYPUNCH FTIME 1762, 5400, #*%*5s 0.18618€ 07 1304,
WALl TIME 317, 6900, 24.0 0.43414E O 2223.

TCTAPRCGGHOEBUG) TIME 8289. 18300. i1.2 0.22834E 08 «778.
NCTE THAT &LL TIMES ARE IN SECONDS

NCTE THAT IF THE MINIMUM DATA ELEMENI IS5 0o THEN CONLY
[ (HE CALCULATION FOR PERFORYANCE RATIO THE O IN THE

DS Ik EBUTECh GF INF AL PROGRAMIING fIMF

A = average
A M = median

All
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FORIRAN FIMINL RESULITS
PROBLEM ¥ 2 PAGE 19« HWK 3
MUMBER CF STUGENTS= 4

NOTE THAT ALL TIME INFURMATIGN £S5 IN SECONDS

(BE) (2) (3 ta) 151 te6)
SYLLENT PRLGRAMMING KEYPUNCH DEBUG DEBUG DEBUG  WAIT
10 TIME IIME  RUNS TIME KEYPUNCH T IME
TIME
3. 1200. 1200. 2. 900, 600, 1200,
25. 2100. 1200. 3. 2400, '600. 1200.
13, 1800. 1800. 0. 0. 0. 300,
1. 1800. 1200. 1. 600, 120. 300.

NCIE THAT THE NUMBER 9191 £S5 § CODE TU SIGNIFY
THAT NO OATA SUPPLIED FOR THES INSTANCE

STATISTICAL RESULTS
NCIE THAF TOIAL PRCGRAMMING TIME (S NOT
OEF INED IF THERE 15 NO DATA FOR EITHER
PROGRAMMING TIME OR FCR DEBUGGING TIME

AVERAGE PROGRAMMING TIME = 1725, SECDNDS
AVERAGE DEBUG TIME = 975. SECONDS

AVERAGE PROGRAMMING leE + AVERAGE OEBUG TIME = 2700. SECONDS

AVERAGE RANGE PERFORMANCE VARIANCE STANCARD

RATIO DEVIATION
PROGRAMNING TIME 1725, 900, 1,8 0.10688E 06 321.
KEYPUNCH TIHE . 1350. 600. 1.5 0.6TS00E 05 260,
CEBLG RUNS 2. 3. 3,0 0.12500€ Ot 1.
DEBUG TIME 915. 2400. #es3e 0,78188E 06 884,
DEBUG KEYPUNCH TIME 330. 600. 600.0 0.74700€ 05 273,
wAll TVIME 750. 900. 4.0 0.20250E 06 450,

TCT(PROG¢DEBUG) TIME 2700, 2700. 2.5 0.11250€ 07 1061,
NCFE THAT ALL TIMES ARE IN SECONDS

NCTE THATF [F THE MINIMUM DATA ELEMENT [35 O, THEN ONLY

EN THE CALCULATION FOR PERFORMANCE RATIO THE O IN THE

DEMCMINATOR 1S REPLACED By 1

DISTRIBUTION OF TOTAL PROGRAMMING TIME

————— [ Py - ———

Al2




PURIRAN T EMIN G RESULITS
FROBLEM # 21810 PAGE 49 MWK &
NUMBER UF STUDENIS>= 13

NOTE THAT ALL TIEIME INFCRMATION IS IN SECUNDS

(11 (2) (3) {4) (51

STUCENT PRULRAMMING KEYPUNCH DOEBUG DEBUG DEB UG
IC TIME TIME RUNS TIME KEYPUNC
TIME

3. 900. 300. 2. 300, 6 0.
6. 2400. 1800. 3. 600¢C, 4300.
1. 1200 1200. 2. 1800, 2400.
21. 1300. 2100. 1. 2400. 300.
19. 3600. 27100, 2. 3600. 1300.
12. 300. 900. 0. ' a. 0.
15, 2100. 2400, 2. 1800, 900.
1. 3600, 3600. 3. 1200, 1800.
4. 2400, 6000. l. 600, 300.
22. 2400. 900. 0. 0. 0.
20. 1200. 1300. 4 2700. 2100.
25. 1300. 1200. l. 1800, 300.
26, 430. 300. 1. 120. 120.
1d. 1200. 2400. 1. 1500, 300.
3. 360C. 1800. 2. 2400, 1200.
24 . 1500. 1500. 2, 90¢., 900.
23. 2100. 2100. 4. 360C. 3600.
1. 360G, 3600. 4. 3600, 3600,

NOTE THAT THE NUMBER 9191 IS A CODE 10 SIGNIFY
TraT ND DATA SUPPLIED FGR THIS INSTANCE
.

STATISTICAL RESULTS
NUTE THAT TuTAL PROGRAMMING TIME IS NOT
CEFINED IF THERE IS NC DATA FOR EITHER
PRCGRAMMING TIME OR FCR DEBUGGING TIME

AVERAGE PRUGKAMMING TIME = 2443, SECONDS
avERAGE CEBUG TIME = 2240, SECONDS

(o)

wWalr
H  T{ME

1300.
2100.
900.
3600.
7200.
1800.
1800.
2100.
6300.
3300.
9191.
900.
1200.
300.
1500.
1200.
3600.
3600.

AVERAGE PRCGRAMFMING TIME ¢ AVERAGE DEBUG TIME = 4683. SECONDS

AVERAGE RANGE PERFORMANCE VARIANCE
RAT{Q

PROGRAMMING T IME 2443, 6120, 15.0 0.23079€ 07
KEYPUNCH [ IME 2167. 5100. 6.7 0.16056E 07
CEBLG RUNS 2, 4. 4.0 0.14969E 01
CEBLG T IME 2240. 7200, #s&2s¢ 0.38032€ 07
DEBUG KEYPUNCH TIME 1460. 4800. #esss 0.19444E 07
wAll TIME 2612. 6900. 24.0 0.33222€ 07

TCT{PRCG+DEBUG) TIME 4683. 10200, 18.0 0.80914E 07
N{ FE THAT ALL T IMF> ARE IN SECONDS
NCTE THAT IfF IHE MINIMUM DATA ELEMENT IS O, THEN ONLY

ft. THE CALCUL AfION FOF PERFORMANCE RATIO THE O IN THE
ODUMMINATOR |5 REPLACED BY 1

OIS I ioGHECH (F Irefdi PROGKAALLG 1ML
R R T T »---c-$-#—‘~l ------ e mm e fm—m e m - [y
» . | .
M A A = average

M = median

Al3

STANDARD
DEVEATION

1519,

1267,

1.

1950.

1394,

1823,

2845,




FORERAN TUINMING RESULTS
PROULEM @ 2LE) PALE HU HWK «
NUMPER (F STUDENI>= 1Y

NOTE THAT ALL FIME INFORKMATLION §5 IN SECONDS

(11 (21 (3 (4) (51 (6}
STLLENT PRGURAMMING KEYPUNCH DEBUG VEBUG DEBUG WALT
o TiME TIME RUNS TIME KEYPUNCH T IME
TIME

3. 1200. 300. 2. 60C, 300. 900.
- 3900. , 2700. 3. 5400, 5400. 30030.
1. 1200. 1200. 2, 1800, 2400, 900.
21. 2100. 1500. 2. 1500. 1860. 1800,
19. 3600, 2700. 2. 3600, 1800. 7200.
S. 1300. 600, 0. Q. 0. 600.
12. 900. 1200, a. C. 0. 1500.
15. 1200. 2700. l. 900, 1800, 1800,
i7. 3600. 3600. 4. L0800, 2130. 3600.
4. 1500. 4300, T 2. 600. 300. 3600.
22. 2700. 1500. 0. Q. 0. 4200.
2G. 1200. 2700. 3. 1500, 1500. 9191,
2% 150¢. 1200, | 1800. 420. 1200.
25, 300. 900. l. 300. 300. 1500.
13. 3600, 24C0. 2. 900. 1800. 1800.
3. 6600. 3000. 3. 1800. 1500. 1500.
24. 1200. 1500. l. 900. 600, 900.
23, 2700, 3600. 5 360¢C, 3600. 3600,
l. 3600. 3600. 1. 3600. 3600. 3600.

NCTE THAT THE NUMBER 9131 t3 & CODE 10 SIGNIfY
Thal NO DATA SUPPLIED FOR TH{S INSTANCE

STATISYICAL RESULLTS
NCTE THAT TOYAL PRCGRAMMING T IME (S NOT
CEFINED IF THERE 15 NU DATA FOR EITHER
PRCGRAMMING TIME QR FGR DEBUGGING TIME

AVERAGE PRCGRAMPING TIME =  2400. SECONOS
aVERAGE OEBUG TIME = 2084. SECONDS

AVERAGE PROGE“mMING TIME o AVERAGE DEBUG TIME = 4edé4. SECONDS

AVERAGE RANGE PERFORMANCE VARIANCE STANDARD

. RATIO DEVIATION
PRGGRAMMING [ IME 2400. 5700, 7.3 0.20842E O  l44é.
KEYPUNCH TIME 2226, 4200, 8.0  0.13009E OT  Llél.
CEBLG RUNS 2, T. 7.0  0.29751£ Ol 2.
CEBUG T IME 2084, 10800, sssex 0.62950€ 01  2509.
DEBLG KEYPUNCH TIME 1573, 5400, wss»s 0.20856E O1  1444.
WALS T IME 2400, 6600, 12.0  0.,26300E 07  1622.

TCTIPROGFDEBUG) YIME 4484. 13500, 16.0 0.11581€ 08 3403,
NCIE FHAT ALl (IMES ARE [N SECONDS

NCTE THAT IF THE MINIMUM DATA ELEMENT 1S O, THEN ONLY
IN THE CALCULATICN FOR PERFDRMANCE RATIO THE O IN THE

CFMCMINATOR S REPLALED BY 1

PR Sy 's--“l-------.—--~.----‘----._.-_

OISTRIBUTICN gF TCTAL PROGRAMMING T IME

* e L *
‘M A A = average
M = median
Ala
LA ——a

————t




APPENDIX B
ANALYSIS OF VARIANCE RESULYS
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SEfal

Ran Dafa
CLL L L=GROUP NUMBER COL.2=3TUDERY NUMBER WITHIN GROUJP
CCL ,3aK~PKOBLEM4 NUMBER COL 4 =K-PROGRAMAING [ IME (Ol .5=K~DEBUS T IME

COL b =F-PRCBLEM NUMBER COL ,7=F-PRULGRAMALING T IME CUL,8=6~KEYPUNCH TIME

CUL 9sNUMBER COF UEDUG RUNS COL.EQ=F-DEUBUG TIME CNL.LL1=DEBUG KEYPUNCH [IME

COL J12=wall TIME #(CR FESULTS

L2343 e i5) 16) n {8) {9} (10!
1 1 2 60, J. 1 600. 600, 2 1304,
L2 2 0, 0. 1 300. 240. ‘0 .
3 2 3C0, . 1 660, 300. 0 0.
L & 2 60. 0. i 3600. 600. 0 3.
1 5 2 120, 0. 1 1200, 913l. 2 Qe
P 6 2 600, d., 1 1200, 1200, 2 600.
1 1 2 25. 15. 1 60, 3igt. O 0.
L a8 2 50. 0. 1 300. 300. O 0.
1 9 2 120. 120. | 1800. 1500. @ Q.
110 2 240, . 1 300. 900. O J.
2 1 1 150. 8. 2 300. 600. O 0.
2 2 1 %0. 0. 2 420, 1200. O 0.
2 3 1 120. 120, 2 300, 300. O V.
2 45 1 120. 60. 2 300. 180, 1 90.
2 5 1 240, 80. 2 480. 600, 0O 0.
2 6 1 120. 120. 2 300. 600. 2 300.
P2 S | 180d. 900. 2 3600. 9N9t. 0O [
2 8 1 3qa. 300. 2 300. 600, © 0.
2 9 1 180. 300. 2 300. 180. O 0.
210 1 180, 120, 2 300. 500, ©O Q.

NUMUER OF STUDENTSs 20
CEVIDED EQUALLY INTO 2 GROUPS

ALL TIMES ARE [N SECONDS

THE OATA ELEMENT=9191. OR 91 SIGNIFIES THAT NC ACTUAL DATA SUPPLIED
TCTAL PROGRAMMING TIME ((NCLUDES OEBUG [IME

PROBLEM 1 K-LANGUAGE F-LANGUAGE

150. 2400,
90. 300.
240. 6640,
180. 3600,
300. 1200,
240. 1800.
270C. 60,
600. 300.
480, 1800.
300. 300.
PROBLEM 2

60. 300.
90. 420.
300. 300.
60. 390.
120. %80,
600, 600.
“0. 3sco.
5J. s5uQ.
240, 300.

240, 300,

DAl e ey e S

(i)

120.
0.
0.
0.
0.

600,
0.
0.
0.
0;
0.
0.
0\

60.
0.

300.
0.
0.
Q.
0.




l'I||IIlllllllllll'lllllllllIlllllllllllllll'l""lllllllllllllIllIlllllIlll""""""""'""l""""""""'L"

MEAN PROGRAAMING TIME (FOTAL) OF EACH PRUBLEM-LANGUAGE COMBINATION
K-LANGUAGE F-L ANGUAGE

FROBLEM | 528. 1302.

PROBLEM 2 240, 699.
STANOARD OEVIATION (PROG. TIME) OF EACH PROBLEM L ANGUAGE COMB INAT ION
K~LANGUAGE F-L ANGUAGE
PROBLEM 1 138, 2051.
PROBLEM 2 213, 3712, &/
Sla  0,1023557€ 09.
$2= 0, 4442566F 08 '

$3s 0.36771510E 08 .

S4=  0.3393309€ 08

$5=  0.2337539E 08

Se=iNTAL SUM OF SQUARES= 0.7398029€ 08
STaITHIN-CELLS OF SQUARESs 0.5792982€ 08
SB=ROWS SUMS OF SQUARES= 0.555T696E 07
S9sCCLUMNS SUM OF SQUARESs 0.8399712€ 07 !
S10=INTERACTION SUM OF SQUARES= 0.2093056E 07
MSWCs 0.1609161E 07

PROBLEM F(1,4(L-1))s 0.3453784E 01

LANGUAGE F(l,4(L-1))% 0.5219933E 01

4lL-1)s 0.3600000€ 02

B2

o
}
i




.
5
: SET#l y(WELGHI EV DEBUG TIME, ¢50% INCURKELT PRIGRAM, ¢208 MINUR ERFOHR)D
Ran DATA :
COL L1 =GROUF NUMBER (CL42=STUDENT NUMBER WITHIN GROUP H
CCL3I*K-PROBLEM NUMBER C(OL.4=K-PROGRAMMING TIME COL.5=sK-0C8BUG TIME A
CCL.6=F~PRCBLEM NUMBER COL+7=F-PRGGRAMMING I IME COL .8 =F-KEYPUNCH T IME
CCL.I=NUMBER OF DEBUG RUNS COL.10sF-DEBUG TIME COL.11=DEBUG KEYPUNCH TIME
COL.12-WwAlT TIME +OR RESULIS
2 (s 150 ter &N 81 (N (1o (i (12)
L2 60. 0. 1 600, 600, 2 1800. 120. 2700. :
12 2 30. 0. 1 300. 240, 0 3. 0. 1200. N
13 2 3C0. 0. 1 660. 300. 0 132, 0. 0.
16 2 60. 0. 1 3600, 600. 0 1800. 0. 0. .
15 2 120. 0. I 1200. 9191, 0 3600. 0. 0. A
1 6 2 6060. 0. 1 1200. 1200, 2 603, 600. 1800. ’
1 7 2 25. 15. 1 60. 9181, © 10. 0. 0.
1 8 2 50. 0. 1 300, 300. 0 153, 0. 1800,
19 2 120. lea, 1 1800. 1500, © 3. 0. 0. :
110 2 240, 0. 1 900. 900. © 0. o.. 0. ‘
211 150. 0. 2 300. 600, 0 2. 0. 600.
2 2 1 50, 0. 2 420. 1200. 0 210. ov 600.
2 3 1 120. 120, 2 300, 300. 0 0. 0. 600.
2 61 120. 60. 2 390. 180, 1 99, 60. 2100.
2 5 1 240. 60. 2 480, 600, © 0. 0. 1200.
2 6 1 120. 120, 2 300. 600. 2 300.. 300, 3600.
2 1 1 1300. 1800. 2 3600. 9191. 0 1800. - 0. 0.
2 8 1 3c0. 360. 2 300. 600, 0 60. 0. 0.
2 9 1 130. 300, 2 300. 180, O 0. O. 1500.
210 1 1 80. 120, 2 300. 600, - 0 0. 0. 0.

NUMBER OF STUDENIS= 20
DEVIDED EQUALLY INTO 2 GROUPS i

ALL TIMFS ARE IN SECONDS

THE DATA ELEMENT=919L. OR 91 SIGNIFIES THAT NC ACTUAL DATA SU:r
TCTAL PROGRAMMING TIME (INCLUDES DEBUG TIMEY

PROBLEM 1 K~LANGUAGE F-LANGUAGE

150. - 2400,
90. 300,
240, 192,
180. 5400.
300. 10800,
240. 1300.
3600. 0.
660. «50.
430. 1800.
30C. 900. ]
A
PROBLEM 2
60. 300.
90, 630,
300, 300.
60. 390,
120. 480,
600. 600.
40. 5400.
53, 360,
264, 300,

240, 300.




o oW

MEAN PRCGRAMMING TIME (TGTAL) OF talh PRUGLEM-L ANGUAGE COMBINATION
K-L ANGUAGE F~L ANGUAGE

FROBLEM 1 624. 2613,

PROBLEM 2 242. 906.

STANDARO OEVIATIGN (PRQOG. TIME) OF EACH PROBLEM L ANGUAGE COMB INATION

K-LANGUAGE F-L ANGUAGE /ﬂ
PRCUHLEM 1 1005. 3160.
PROBLEM 2 213. 1503, 'j

St 0.2058821E 09

$523  0.1385696E 08 ,
$3:  0.6084819E 08 |
S4s  0.5655734E 08

$8s C.45062/8E 08

SesIOTAL SUM OF SQUARESs 0.1608193E 09

$7anlTHIN-CELLS GF SQUARES= 0.1320253€ 09

$5BsKUWS SUMS OF SQUARES= 0.9¢94560F 07

$9-COLUMNS SUM GF SQUARESs 0,1578541E 08 g
SI10sINTERACTIICN SUM OF SQUARE3S= 0.3516112E 01

MShCe 0.3667368E 07

PRUBLEM FlloiL-1)1= 0.2588930F Ol

| ANGUAGE F(l,6(L-1)1% 0.4304288E O1

eiL-10= 0.3600000F 02




SET N

Raw DATA

CCL o aGRIUP NUMBER  CULL&2=3TUOENT NUMBEK wiTHIN GROUF

CCL.3=K-PRCBLEA NUMBER CGL.4=K-PROGRAMAING T IME
CCL Lo=F-PRCBL EM NUMBER COL.7=F-PROGRAMMING 1 IME
CCOL .3 =NUMBER OF DEBUG RUNS (L .LO=F-UEBUG T1IME

CCGL.12=maAlT TIME FCR RESULIS

theren {4) (51 (5)
11 2 380. 0. 1}
1P 2 2 50. J. 1
1 3 2 60. Jo 1
1 & 2 3C0. J. 1
1 5 2 10. 0. 1
1 6 2 55 0. 1
L 72 3C0. J. 1
1 a 2 600, 0. 1
1 3 2 3G0. 180. 1
1 10 2 900. 180. 1
P12 200. 180. 1
112 2 240. 120. 1
113 2 300. 300. 1
L ls 2 180. 120. 1
L 15 2 2100. 300. 1
1 16 2 1800. 35. 1
117 2 300. 300. 1
2 1 1 180. 0. 2
2 2 1 0. 0. 2
2 3 1 50. 0. 2
2 4 1 180. 60. 2
2 5 1 1200. 300, 2
2 & 1 300. 600, 2
P A | 120, 6d. 2
2 8 1 620. 185. 2
2 9 1 1500. 60. 2
2 10 1 120. 5. 2
2 11 130. 300. 2
212 1 200. 150. 2
2 13 1 300. 30. 2
2 14 1 315. 50. 2
2 15 1 300. 0. 2
2 16 1 120. 60, 2
217 1 660. 360. 2

NUMBER OF STUCENIS= 34
DEVIDED CCUALLY INTO 2 GROUPS

ALl TIMES ARE (N SECONDS

tn

5100.
13.

1200.

300.
600.
1200.
2100.
96J.
600.
600,
1200,
600.
1309.
600.
9000.
2100.
3600.
27100,
600.
90,
422,
600.
1200,
180.
300.
900.
300.
180,
600.
900.
600.
900.
900.
900 .

B5

(d} (9]

1800.
165.
1200.
420.
300.
200.
9i91.
300.
300.
1200.
600,
600.
900.
200.
1200.
300.
600,
2700.
900.
300.
300.
600. 9
600.
600.
360.
600.
300.
600.
420.
boo.
900.
1200.
909,
1200.

e RO RN WN e ORONWRNWELERRNNNDODO= O~ O NGO -

Wy B s P 4

(oL 9 =K~ve UG TINME
ClL o8 2F~KFYPUNCH TIME
COLLLL =0LBUG KEYPUNCH T IME

(19}

1200,
J.
600.
0.

J.

J.
1352.
s

0.
3600.
300.
54093.
300.
2100,
6309,
6300.
1800.
1200.
0.
120.
o‘
1200.
240,
600,
120.
300.
1200,
60.
0.
300,
300.
60.
60.
-300.

(1)

Q.

v.
300.
0.

Q.

0.
300.
0.

0.
1800.
300.
180.
180.
1200.
300.
300.
600.
600,
0.
60,

I3,
bo.
1200.
60.
0.
300.
60,
0.
120,
60.
120,
30,
180.

(12)

2100,
2400.
1300.
1200.
900.
300.
1300.
300.
1300.
1300.
1800.
7200.
6G0.
16200.
5100.
18000.
16200.
1200,
1500.
4500.
600.
1200.
2100,
5400.
1800.
1800.
3600.
2100,
120.
2100.
900,
120Q.
1300,
3900.




S T —— I ————

. !
THE OATA ELEMENT=9191. OR 91 SIGNIFIES THAI NO ACFUAL DAJA SUPPLIED {
El
B
TCrAL PROUGRAMMING TIME (INCLUOES O€8UG TIME! i
PROELEM I K~LANGUAGE F-LANGUAGE g
180, 6300.
60. 10.
50, 1800,
240, 300.
1526, §gc.
150C. 1200,
13¢, 4950, A
805, 60, i
1560, 400, i
125, 4200. ,
430, 2100. L
1050, 6000,
330. 2100,
365, 3300. .
360, 15300, :
130. 9000,
1020, 5400,
PRNBLEM 2
380. 3900.
50, 600,
60, 210,
300, %20,
10, 1800.
55, 1440,
390, 780,
600, 420, .
486, 1200, |
1080, 1500.
380. 240,
360, 600.
600, 1200.
300, 300.
3000, 960,
1835, 960,
600, 1200,

MEAN PROGRAMMING TIME (TOTAL) OF EACH PROBLEM-LANGUAGE CONMBINATION
K~LANGUAGE F-L ANGUAGE

PROBLEM 1 581, 3r22.

PROBLEN 2 611, 1073,




STANDARD DEVIATION (PRO3, [IME) OF EACH PROBLEM LANGUAGE COMB INAFION
K-L ANGUAGE F-L ANGUAGE

PROBLEM 1 525, 3793,

PROBLEM 2 135. 832.

Sls  C.5375962E 09

52=  0.2674006€ 09

$3s  0.2019664E 09

S4=  0.13166L4E 09

$5:2  C.1526252E 09

$63TGIAL SUM OF SQUARES®= 0.3349707E 09

ST=wlIHIN-CELLS OF SWUARES= 0.2701955E 09

$8<RNWS 3SUMS CF SQUARES= 0.2903624E 08

$95LLLUMNS SUM GF SUUARESs 0.55341256 08

SIG=INTERACTICN SUM UF SWUARES=  0.3039792E u3

M3aC=  0.42218C4t O7

PRCBLEM £(l,4tb=101= 0.6311635E Ol

LANGUAGE File4llv1))= 0.1310844E 02

4il-2)= 0.6400C00F 22




SET®82 4 IWEIGHTED DEBUG TIME, #50% INCORRECT PRGGKAM, ¢20% MIMOR EKKCK)

Raw DATA

CCL.I®GROUP NUMBER CCL2*STUDENI NUMBER WITHIN GFOUP

CLL.I*K-PRCBLEM NUMBER CUL.43K-PROGRAMMING § IME COL,53K~DEBUS [IME
CCL.6=F~PRCBLEM NUMBER COL,.7-F-PROGRAMMING T IME COL.3=F-KEYPUNCH TIME
CCL.9*NUMBER CF DEBUG RUNS (CJL.10=F-DEBUG TIME COUL.11sDEBUG KEYPUNCH [IME
CCL 1 2=wal T FIME FCR RESULTS

12113 4) 53 (6} tn (8) (9) (10} (L 1121

I 1 2 380. 0. 1 5100. 1800. 1 1200. 0. 2700,
12 2 50. 0. 1 10. 165. 0 0. 0. 2400,
1 3 2 60. 0. 1 1200. 1200. 2 600, 300. 1300.
1 & 2 3C0. 0. 1 300. 420. O 0. 0. 1200.
1 5 2 10. 0. 1 600. 300. 1 0. 0. 300.
1 &6 2 55. 0. 1 1200. 300. O 600, 0. 900.
1 7 2 300. 0. 1 2700. 9191. 1 1350. 300. 1800,
1 8 2 600. 0. 1 960. 300- O 0. 0. 300.
1 9 2 300. 180, 1 600. 300. O 0. 0. 1800.
110 2 9¢0. 180. 1 600. 1200. 2 3900. 18Q00. 1800.
11 2 2C0. 180, 1 1200. 600. 2 is00. 300. 1360,
112 2 240, 120. 1 000, 600. 2 5400. 180. 1200,
113 2 300. 300. 1 1800. 900, 1 1200. 180. 630,
116 2 180. 120. 1 600, 900. 4 3000. 1200. 16200,
115 2 2700. 300. 1 9000, 1200. 23 10800. 900. 5100.
1 16 2 1800. 35. 1 2700. 300. 2 6300, 900, 18000,
L 2 300. 300. 1 3600. 600. 3 1800. 600. 16200,
2 1 1 180., 0., 2 2706. 2700. 2 1200, 600. 1200,
2 2 1 60. 0. 2 600, 900. O 0. 0. 1500.
2 3 1 50. 0. 2 90. 300. 1 120. 60, 4500,
2 4 1 180. 60, 2 420, 300. O 0. 0. 600.
2 5 1 1200. 300. 2 60Q. 600. 91 1200. 9191. 1200,
2 6 1 900. 600. 2 1200. 600, 1 240, 60. 2100.
2 71 1 120. 60, 2 180. 600, 2 600. 1200. 5400,
2 8 1 620. 185. 2 300. 360. 3 120, 60, 1800.
2 9 1 1500. 60. 2 900. 600. 1 300. 0. 1300.
210 1 120. S5.%2 300. 300, 2 1200. 300. 3600.
2 11 1 130. 300. 2 180. 600. 1} 60. 60. 27100. 7
212 1 900. 150. 2 600. 420. O Jd. 0. T20. |
213 1 300. 30. 2 900, 600. 1 300. 120. 2700, ]
2 18 1 31i5. 50. 2 600. 900. 2 300. 60. 900.
215 1 300. 0. 2 900. 1200, 1 60, 120. r20,
216 1 120. 60. 2 900. 900. 1 60, 30. 1800,
217 1 660. 360. 2 90Q. 1200. 1 300. 180. 3300.

NUMBER OF STUDENTS= 34
DEVIDED EQUALLY INTO 2 GROUPS

ALL FIMES ARE IN SECONDS

THE DAfA ELEMENT=919). OR 3) SIGNIFIES FHAT NO ACTUAL DATA SUPPLIED

daibaaniit: ki




TCTAL PROGRAMMING TIME (INCLUUES OEBUG TIMEL

PROBLEM | K-LANGUAGE
180,
60.
50.
240,
£5¢o,
150C.
130.
3C5.
1560.
125,
43C.
105¢.
330.
365,
300.
180.
1020,

R

PROBLEM 2

330.
50.
60.

300.
10.
55.

300.

600.

480.

1080.
38C.

360,

600.

3560.

3000,
1835,
600.

MEAN PROGRAMMING T [ME
k-L ANGUAGE
PROBLEM 1 581,

PROBL EM 2 6ll.

F~-LANGUAGE
6320,
10.
1400.
100.
G,

[ IRTVIVIN
4050,
00,
600,
4500.
2100,
6000.
3300.
3600.
19800.
9300,
5400,

33900.
600,
210.
520.

1300,

1440,
7180.
$20.

1200.

1500.
240.
600.

1200.
300,
360,
360.

1200,

(TOTAL) OF EACH PROBLEM-LANGUAGE (OMBINATION
F~L ANGUAGE

4l4b.

1073.




STANDARD DEVIAFION IPROG, TIME) OF EACH PROBLEM LANGUAGE COMB INATION
K~-L ANGUAGE F~-L ANGUAGE

CROBLEM 1 525. 4601,

PROBLEM ¢ 735. 832. k

Sis 0.7054361E 09

$2% 0.324C517 09

$32  0.264(553E 09

, S4s  C.2141693E 09 ,

§53 G.1249611E 09

S6=I0TAL SUM (F SQUARES= 0.5345349¢ 09
STamlTHIN-CELLS OF SQUARES= 0.3354443E 09
38=2k0nS 3UMS GF SUUARES= 0.3920329E 08
SusCOLUNNS 3UM OF SQUARES= 0.6903427€ 08
SIQINFERACT LI 3UM ©F 3QUARL>=  D.4ui33LLE GB
MSwC= 0.6022568E 07

PRUBLEM Flle&ll-1))= 0.6510227E 01

g LANGUAGE Fli,4ll-1))> 0.1147256E 02

elL-1)= 0.6400000E 02
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APPENDIX C
REFERENCE MANUAL
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APPENDIX C

The following two pages are the two sides of the K-M refere.ce n.~:
given to students during the initial lecture

Cii




o g

REFERENCE

Vecebulasy it
ABS CARD £NG o READ TANGENT
ABSOLUTE CARDS (3 L0 RETURN TANK
ANO COMPYTE EQUAL; LOOP REWING TAPE
ARC TONTINUE  EXP NALMUN  ROUND THE
ARCCC 05 FILE MESSAGE SEC THEN
ARCCOM  (OSLCANT  FuliSw L LIS SECANT TINES
ASCCOT COosH FOR oF SECH 10
ARCCOTH  COSINE FORMAT OR SIN TOP
ARCCSC  COT FORMULA TTHERWISE  SINE TRUNCATE
ARCCSCH  COTANGENT FRACTIONAL FParT SIN TYPE
ARCSEC ot FROW PAYSE SUEW UNTIL
ARCSECH  €5C 60 PERFORM  SPECIAL UPPER
ARCSIN Cseu HEADING PLOT SQRT VARIABLE
ARCSINH  CYCLE ® PLUS STATEMENT  VARIABLES
ARCTAN  DIMENSION  INFINITY PRINT STOP NTHA
ARCTANH  DIVIDED LABEL PROCEDURE SUBROUTINE WRITE
ay 00 LINE PROGRAM  SWITCH

CALL (3843 LINES PUNCH TaN

A perind denoten the end of u statrment ar the vad of an mpl d Gy

Correctsons 1 an be made by overiy pang or by presaing the contiol ey
FRASE when pusiioned over the ermor

Fach program must be terminated by the statenient EAD OF PROUKH AV
-« FINIMH

Mure than ane statement per 1 ping line 1s W ceplable.

7. continue & scatement hes wnd the mavimon 1y piag leng:
Press the s amiage reiurn as m. ~ an demired.

Names of vaciables with more than cne cbarater should be delied b @
NOROIAT VARIARLES sontement bofore use

\ comma

far onr line,

r1he ward AN ais be uned Uy separate « ompatable atate
meas

FROM

Supersrnie e subscripts

TACOMPUTE A, B,-C., C, AL X AND D SIN#

zawy be in siraight fine form but lomws xuch

Formy

Tic erters b+ (. denote an weihmet exgression. ¢ ¢ b mas denate
the erpre
s Aenore s
that are oplion,

un A - 2B e aihermine o aingle vaniable 1o meant. Heaoeo
|

* o denote thase luess

e of fomms. Square Brackets

Ve The huegontal exteasion
SF e lower bant equat.m and
appec limit expression should
nut rxceed the carresponding
arma of the sum simbe! Tne

F F
- —
) operand of the sart hould e
o~r wntaide the svmbe!
,

Ay Re Ayg fer I VAN

1, 4ef

DIMENSION A N, M),
Thon indicaten thar & man (N2 Dby M1t reay
OIMENSION 8- 40, 2.30, Q (10, 500
SPECIAL M ARIARLE [S] . DIVEASION
SPECIAL VARIABLES TEMPERATURE, HUMIDITY PRESSURE,
COUNT, LBJ. (14 200), o2 10
CCPER s used i the same manaee an BIMENNION o f SPRE1AL
VARIABLES except that the mdicated wracs are stored - u pes memes

UPPER C, WEIGHT $6, X (20 30

Exomple
3% Tel fad, eE ). uarimp aeo.
(RE R RTANERRY | LAt ural e
SO OMM m ot SR ] ANTY, Pt e bl B e te
- - B
- : - &,
Comml -
H B H
e l g 3 el e
LI
o

MANUAL

Subacripird cariables aeed oo be guenscaed wloe gned . ttme such
"

i A, B Qo FORG O uaNt . 1 T1CH

MAXIMUM A 10 ) 1S

A. BQ (FORM 45 7 wYriN. OByl
UNTIL
i) a3
VY ke B, [} [4
s, '
e v, 30
READ TAPEC 2.2, 10

1

FROM

Ao ]
zlevr.‘wr“ Jc

FROM . E TOG Unit seps orvumed
FROM « NBY 2M uNTIL A B
FROM A 8 SBY2UNTL G 20
FROM . E TO INFwNITY
Note bus agmbee E dotn peo

mssabin Bub e eatra spacs
FOR . 3,2, .5 helwre eompatig cone v The
FOR . 51088 AU betweon the fies
FOR s I ' b ces the

BESIRL! RO

Pement sy

EROU 1 OF Yt an e aned 2 2t brass » nd s mialement

C A B FROM. | TOI0.
FROM . 17010 COMPUTE &, 8,

ol 107 Loort | crciEl-
LUNTIL '

DO STATEMENT S FROM J 1 Y0 10

Thia ing:cates that il slatements yp 1 but Ak toiuding . witl be
eecuted o twe LOGHE statements should terninare at the same
statement numher. Othecn-ar. ans number of 1 OD1' provedunn ~ withia
ot externat 1o other | UOP o edures 1o prrmitied

FROM WiTHIN AND
FOR 0.5 ... 90WiTHIN: 1 TC10AND» 1| TO S LOOP YO
FORMULA 6.

Vhe fuap 1u be perfaemed most aften 18 the Lt ane the leaal often
the jant

READ READ CARC READ CARDS

READ A FROM .. ) TO A, 15,
Card Formai 1s free [ield. number of data posnts mias vars fron, cerd 1o
caed and mas be e eaber fined or flasting vonnt fwne,

READ X.

READ A, B, FROM .. E UNTIL & 92,643,

putered into . ands o e follosing Cwms

S T R A L B T
LIRIOTR A S RS NFTRY

Favh datun should be separated by ot feant um e sg 4
saiur should be within 1107 and ey eed e Ggealiowe Lpits

andt (e

Threa Alternate Formuiations O The Same Probiom

TN M RC. Feg0. .
Ea L MaE v me

. K O T I S [ T T
el M oa. G T fOMARA D O TN N Fa aeg 10 v
aned, tNmAT ). pea, el [
TE Aty seean, reten, Tage CE BT e
LR I Y I A 3 YAV
ecere, MK gmae, (FL WY vt ¢
fosa G 1 M, 1 F eaogea
) ke

1S Pauz 1o
YRuM COFY PURNISHLD 1O L0

e e lall TR L e s st

-



PRINT x4 Y iAB. 2, SiNw .Y FOR, )2 N
PRINT © 7 a8, X Gia

PUNCro £ F LA B, K GUAL

Vot satewers between 0 ind % but e wum may not enceed WL

FLER I

printed i ard punchedt wel A places Goothe ol of the

e real povnt and 1B places o the agnt bhe v af Goand owilt e
promted e ad punhed) ax anneeger of A pluces. Gt be spored in A

boaont 7, st be ponted o ard pane bedt i fluabag oot s

PRNT Y E AB.CHL

Crentihal bous Beat doaded By 107 L b ge s cange

b a aanna f 8 evpeessions unlading a blank

@ eas are allowed, bach on centered a1y wsition Beld

PRINT CABEL A COUNT, X.¥, SIGMA (J).
PRINT LABEL LABEL HEADING PRINT HEADING

ated oy cameran, g PRIV TAREE stavement wan

b tees n leagth and will e peed oo S poseten
LA 4 Lt e per stalement oo pegmtted aed sl
Camtaen i e e e o the Bighespeed pointer

Lo PRIV VOMVAYT soitenear man b asest when sl desred 1oy
wrerais b anasrcs on Ut g e than 8 gnswers e bae

PRINT T5RMAT o £ F X G.
FORMAT - il L osraxbli. L wosny.

Vs w shup o e pa es 2 bD stands for any Dterals thar are
pontabie i the high speed ponte Smai’ 2w are used 1 denote the

and =

avtual prant

wribe st dugts <3 b geant quantities while wne

sriatl s an uned fur each Eatiog pont quasine The best set of 3

denutes the fust expression equgtion s attable meatiened 1 the PRIN |
FORYAT wtaiement, the seq
win et TORMAT statements sae be - aied answhere nu progoan

PRINT FORMAT 12 . SiNw, o, 99" FROM. 1 TON.
.

e b v e tenues the second evpres:

FORMAT 12 ANGLE .RADIANS) y SIN THETA x.xexx AND THE
ANGLE 15 »ax DEGREES.

Hoo 3= 3 ancatie b ioming would be printed un the high speed printer

TANGTE CHADIANST 3350008 NN THETA 0T AND T
WG IS PO DECREES

SLEW N 1Pr.nter popar spaced N lines)
SLEW [{TOiTOP: .Poper will adwance 1o top of poge}

W saages an the Bpemriter ar pnter aer printed using the allwing Tems

TYPE NEGATIVE SQUARE ROOT
PRINT MESSAGE ‘END OF FROGRAM) AND SLEW.

iF F G THEN GO TO STATEMENT 1.
IFF GGO TOSTATEMENT 1,

1FF GTHENB-C. €.

{F F G THEN READ. .. .

tFF G THEN CONTIRUE.

Vo OELSE E !
F .
FF G THEN [,omsnwlssg deomore
Franples of mubhple Condisions \ COMPUTE. .. l
READ
Fr SORG HORSING - THEN - C.D RaER-

} 6o 10 FoRMULA 3
CONTINUE

‘FP GANDH , 2AND...

U OOR(G-+SINHANDH Cui...

FE F.GTHEN...

1y COMPUTE A B.2,11F ¢ | THEN(IF m n THEN T ¢ SIN I
OTHERWISE T (COS #iand PRINT T, A.

COMPUTE A B.2, (IF . | THEN(IF m n THENT /SIN"
OTHERWISE T COS #)and PRINT T, A,

Tnrawe 11 cam el iy andmen
£t ahen ey
T s nut computed when 1v ) und mon
fncase 2T acwm Muhense)andm-n
ccontwhens yund men
} s aot (nmputed when (o).
GO . GOiT0)
GO TO STATEMENT 20
1AUSE w b caose the ubyect progeam o g i s bao Bt au
the Lonp wil accur d cans e smitch Vo 0 ux raggaed

Comments Cnans ompotable siatementss ace entered betnren ! 1 ainbals

FROM . 1} TOJOREAD X, IREAD VALUES!.
Yhogl 4212

C2

Vae af U et darms ehimnats s the aecrsmin o g TN e TR

statenenis Conpatabie suboatat

N A R A
sepatatcd by a0 AND

FOR. L1350 ANCE OBY 2UNTIL Y 2006 READ x4,
COMPUTE Y 2X. . AND PRINT Y.

FROM . 1 TONFINITY READ X., \F X , 10 COMPUTE ¥ + 2
n a.20THERWISE GO TG STATEMENT |

Supersiospts that e fed an uard Un Lan tes ol s ©os it g
g terpreted an expanense b bdlowang ve o st o
B T

sune the wavimnn absadute Cann o aseond )

-
FROM . 1T01000F x x¥*'“Tnen x*” x -
In the (allowing magnete Vapo conmeoands © s the muc dort ol o
the arras V1 in the tape

and 1t bee gt n,

READ TAPE v, [ PRI W N
cemd e s N
WRITE TAPE \, Uoations | Vg are St g

REWIND T P RaDT P
wR'TE END OF FiLE T P ECF TP
‘F END OF FiLE P THEN If EOF P GO 10

exarepte Y sthe vattable tobe piaticd. A the o
e U AN the monuman v of Y and B the
Sy

PLOT Y X, A, B. PLOT 2., 0 FROM. 170 565

L iy
.
AAC 2, COMPUTE Ve —lg“— AD RTT Y, 1, o, 1 100 el

Wi e,

K [BRUT tm Claek &L Yel, el T e WEINT T,
6. Tk, ST LTI geun v-éu
Q. T, K O oel TCr WiTRIn Yeg BY L 3 AT 3 ANC fie
»=0i 8190,

. Nt AN AKINT Y,

F20M 10 70 12 ANC [m) TC 1D ~ual @

COPUTE &y b, 0k o7 AN BRINT 4

fox ey, 2 15 AN FE8 pmor N Bt o ae Fy
M

¢
€ Jrcie L aer o e lese
. —
o
Y
v 2 PR 1 e v A
- A ___’r:g_«
1P MO 008 | gevse ! aer)d Tt comenTt

Tyyrriemp1? ARG YY1 AR Bt o, T, fe
YoZked BY 01T UNTIL W25R00 AND FOOm xel TC (OC
OTHERWISE GO TG STATOMENT 2,

To define o procedure within a program
\SEBROY TINE

ROUEDUNE 4T
RETURN
SERROU NG
1A '
RETTRA YU ‘“'"[Pm‘nll)lm]

The namie #f 4 subroutine cun be an afphanumers stcite ann onge
but must begin with an alphabe i haractes and cacnot be oot
wns e i the vocabulan Daro Vs many BE VAN < e 00 wineg
maerted to branch vut of the sadvownne back toabe
EAD statement s aptieaa] A STOP o GO TO Wy
outanes

To call o pracedure

yogran Tl

st pen <

CANLName | b n

Ratative Poritiens of Specie! Characier

r- TY rT Rp MNTn T bl
[ L] [ L I . [ '
1 vy v C o [ (-

LA LY Y L v Ll -

Nev e B oo 0 taten
MORLERER ond bovy REDPNENG Oy
Cduntbos boere o Hudeor 1o oo
Dobts beeee Now Yoai
evined For 0 fghh i
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APPENDIX D
McCracken Problems

VS.

Corresponding K-M Programs




nbe, L
«OMDii subprogia ns 1.
ves passing adjustable dimensior
* through a subprogram.
14. Given single variables A, B. X. and L. w'
a SUBROQUTINE subprogram to compute
S, and T from

R = VA + BX + Xt

S = cos (27X + A)-eBX

A + BX\L*! A + BX\L?
T"'( 2 ) '( 2 )

15. Identify any errors in the following:

a. cov T B(2, 1 TRy

{PROBLEM 14, PAGE 19%

SUBROUTINE RST.

R= \ /A+BX+X-

$=CoS(2rx+A)eBX , AND

T= [ A+BX ]+1 - {: A+8Xﬁl L
- TJ .

RETURN,




— dac
4 .
- Vb? — 4ac (se
‘X2 = 72 actu
grai
WRITE: a, b, ¢, X1, X2 sol
/ 5. READ:a, b, ¢, x act
Evaluate: uncey
. 3 runni,
,=_____b C[6x2(1_.’(_)+b2(1-1)] 15 enc(
12 a a to w
WRITE: a, b, c, X, I stre
6. READ: a, e, h, p e
Evaluate:
_ h-P
X = -

PROBLEM 5, PAGE 19

READ A,B,C,X.

BC -
eglo w1 [o]

PRINT A,B,C,X,Rs FINISH,

D2




LY

/8. READ: ET, ES, RG. ROPT, RIN

10 Evaluate:
\th
- 1
- F=
de 1 ( RG )'I
+ \ROPT

- (57)2(1 RG )
5/ T RN
WRITE: £T, ES, RC. ROPT, RIN, and f
9. Add appropriate READ, W7'TE, and FOR-

AT statements to thr segments
wrote tor Exer~ 'S

PROBLEM 8, PAGE 19

SPECIAL VARIABLES ET,ES,RG,ROPT,RIN,
READ ET,ES,RG,ROPT,RIN,

Fa= 1
1+( RG )2 R
l- -—E-T—————-——
£5)? (4giy)’

PRINT ET,ES,RG,ROPT,RIN,F. FINISH,

e hee et




‘J) ’ ad
row, . usi.
{¢) Replac. .ch elem urd row
by the sum of the ¢t .ading ele- H

ments from the first an. second rows,

using a loop.
4. A two-dimensional arrav named XYZ3 con-
tains tour rows and three columns. Write

separate program segments 10 accomplish
the following:

(a) Replace all the elements in the fourth /*
row by zeros. iy
(b) if the product of the first element in s

the first row, the second element in the

second row, and the third element in

the third row 1s less than 1073 in abso- '

lute value, place a zero in DET. )

Replace each element in the second ;

column by the average of the corre-

sponding elements in the first and third
columns.

*5. A three-dimensional array named PUPILS
contains information about the pupil pop-
uiation of a cer n school district, orga-
~zed as fol! ‘irst subscript distin-

“hee * grris: 1 for - o
ine ' 1

(C

~—

{PROBLEM 4, PAGE 89

DIMENS ON XYZ3=(4,3),DET=1,

FROM J=1 70 3 xvz3 = 0
4,9 .

IF | (xvz3y ;) (X235 o) (x¥235 3) , < 1072

THEN DET=0 |,
FROM 1=1 TO & xvz3, _ - 231,1 * XYZ3; 4
.,1’2 -—~2

FINISH.




>~

N7 SIS

» these three
~ardinates
<ional

Jth

s 1o

. two-

. the fol-

G

13.

ed L
Dx, - X(1)
! .., 49

Write a program segment to perform this
calculation. _
Suppose we have a one-dimensional array

named Y that contains 32 elements; these ’
_are to be regarded as the 32 ordinates of

an experimental curve at equally spaced
abscissas. Assuming that a value has al-
ready been given to H, compute the inte-
gral of the curve represented approximately
by the Y values from

TRAP = LY, 4+ 2¥, + 2¥ 4 -

+2Y; + Y3)

14. A two-dimensional drray named AMATR

{PROBLEM 13, PAGE 90

SPECIAL VARIABLE TRAP,

1
H i
TRAP= 3 (Y142 ) Yy + Y35 ) . FINISH.

1=2

-




-

ST Y

B e

<o
orresponding

.nrough the 10ur ginven pu value
ment of the differences 1x Some.. of- CON
ent trom that in surhing s tormula, ho.ever Qu?
+17. Given 1wo one-dimensional armass named men
A and B 01 veven elements each. suppo>€ 25. Rete
that the seven elements Of A are punched that
or one card and the seven elements Of 8 sion
are punched on another card. tach ele- nur
ment value ts puniched in 10 cotymns in Cha
a form suitable tor reading with an 100 num

field descriptor, Wiite a program to read
the cards, then compute and prnt the .
value ANORM from

ANORM = /2 ab,

i=1

Use a 1PE207 field specification  for
ANORM.

8. Using the assumptions of Exercise 17, write
a program to read the data cards and then
carry out the following procedure. If every

a, > b, fori=1, 2,.... 7, print an integer
1, if this condition is not satisfied, print a
zero.

»19. Rewrite the prr M segment for Ex-
11 1o use dov”’ -cision variabler
arrays.

20. Rewrite ’ ‘ment

16t Ve

{PROBLEM 1&, PAGE 91 (ALT. INTERP, ;

AEAD Ay FROM 1=1 TO T.

READ B, FROM 1=1 TO 7.

X<1. FROM 1=1 TO 7 !F A <By ThEN
x=0. PRINT x{i} . FINISH,

D6




[l

49 o 2r an
v from

DX(1, r1) = X(1)
l= = ..,49

IaS

3.)A two-dimensional array named AMATR
contains 10 rows and 10 columns A one-
dimensional arrav named DIAGC contains
10 elements. \Write a program segment to
compute the elements of DVAG trom

DIAG(!) = AMAIRE 1)
I=1,2 ..., HY)

v’

\ one-dimensional array named M con-
1ns 20 ir >gers \Wrnite a prograc “egment

ang 2 tement o rec’ ole-
r nultiplie :
w

{PROBLEM 3, PAGF 11%°

*10.

nName
the elc
YS.

Thi-
el

rows
array »
15 ¢

DIMENSION AMATR=~(10,10), DIAG=10.

FOR 1=1,2,...,10 CIAG{ i )=AMATR{1,1),

FINISH.

D7




smed X
program
compute

named

ATR
ane-
Ldams
nt to

</ 9.

*10.

Jdimen.
ements. Pla of (t.
ents in BIGB ana .tent numt
BIGB in \NBICB

Two one-dimensiona! arrays named X ana
Y contain 50 elements each. A vanable
named XS is known to be equal to one of
the elements in X If XS = X, place Y, in
YS.

This kind ot tanle search has a wide vari-
ety ot applications, such as finding a value
in a table of electric utility rates from a rate
code or tinding the numerical code corre-
<ponding to an alphabetic name.

A tw Yimensional array A tains 15
re < columns. A or ‘on
“15 elemer he

ne-g’

{PROBLEM 9, PAGE 115

DIMENSION X=50, Y=50, XS=1, YS=1,

FROM 1=1 TO 50 IF XS=)(1 THEN YS:--Y‘.L .

FINISH.

L]

akae




4nd
\ner of
en by
‘eger
nts

1,0

2 '(J

i, oe viewed as mu .uon of a
mat:. and a vector.

1\ Three two-dimensional arrays A, B, and C

have 15 rows and 13 columns each. Given
the arrays A and B, compute the elements
of C from

This 1s matrix multiplication

*12. Atwo thrreraongl array named RST has 20

row 120 columns. Com* *he prod-
ur Tain diagona’ ~F RST
* DPRO" -
\a'

PROBLEM 11, PAGE 115

1%
C =
i,J AikBkJ FOR 1=1,2,oo.,15

=

AND J=1,2’o.o’15. F‘NISHo

D9




Y4 4+

A=

SinY 4+ V1 + o .+ 3sin?Y
Define a statement tunction to compute

SLG(A) = 2549 log (A +AT 4+ %)

Then use the function to compute

R=X+ log X + 2,549log(A + AZ 4+ -%‘-)

S = cos X + 2.549log
Q+X+U+XF+

)
T =25491og ]
1
— B)3 - ———
[(A B3 + (A —B)§ 4+ A= B)3j
U = [B{l} +6]°
1 1
+ 2.5491og ET")- + W + B(l),

*3 Define a logical statement ~rtion 1o

cor -ute the “exclusive or” ~cal
v < The exclusivs
» of the ir
nute

rPI'UblL‘!H 2, page 194 j!

7. Wi
pv’

of .

A, Ci

8. Re

FUNCTION SLG{A)=2.545 LOG(A4—A2+%—)

R=X+LOG(X)+SLG(A).
S=COS{X)+SLG{1+X).
T=SLG [ (A-8)3 7.
U=C8, +6F+ SLG(%‘) .

FINTISH,

D10




e

e the point +
Late coore ad XIMAG  he.
e within de 2 with 1nts cor-
arger, place . Ve s co
ners on th :nale axes.

ad then com-
nd the largest @!n the tollowing exercises vou are to draw a
flowchart and write a complete program, in-

be posi- cluding input and output. You mav use F100
hat s field specifications for all input and 1PE15.6
for all output.
A to be , . , .
c (a) Read the value of ANNERN; print AN-
. Subtract ‘
| a5 neces- NERN and compute 'and print TAX ac-
ess than 27 cording to the following table:
fHETA.
wet SIGNS ANNERN
itive, set (annual 2arning? 1aX
tsIgns, :
Less than $2000 lero
, of three 52000 or more b’ 2°.: of the amount over
oot man less than $500- 2000
T~ $5000 or more $60 plus 5% of the
d 2> v Y

o, otherwise amount over $5000

=0, set
Serwise _(b) GROSS is an employee’s earnings for the
year; DEPEND 1s :h» number of depend-

,tatement ents he claims Muluply DEPEND by
:r to state- 675 00. subtract the product from GROSS,
) statemeni and place the ditierence in TAXABL.
However. if this difterence is negative,

“tement 250; piace zero in TAXABL.

TRANSFER OF CONTROL

49

PROBLEM 2B, PAGE 49

SPECIAL VARIABLES GROSS, DEPEND, TAXABLE.
TAXABL E=GROSS=-(675)DEPEND.
IF TAXABLECO THEN TAXABLE=O,

FINISH,

D11t

Y “e i




SO QUL
solve ths g an
variable run .. convert to 1o

] then dunade by _ the result as the

independent variab.e.
¥ 15 10 be computed as a function of X
according to the formula

(e

-

Fraave cos 2X
T+ X + —=
14+ VX

for a number of equally spaced values of .
X Three numbers are to be read trom a sqt
card: XINIT. AINC, and XFIN. XINIT, we LIn
assume, is less than XFIN; XINC is posi- }0
tive. Y 15 to be computed and printed

mitially tor X = XINIT. Then X is to be
ncremented by XINC, and Y is to be
computed and prninted for this new value

ot X. and so on, until Y has been com-

puted tor the largest value of X not ex-

ceeding XFIN. (The phrase “the largest

value ot X not exceeding XFIN" lets us

ignore the probiem presented in the last

two exercises. However, this formulation

does mean that if the data is set up with

the intention of terminating the process i
with X exactly equal to XFIN it may not e
do so.)

Y=V

1

1. in the following exercises the emphasis is on
trying to devise decision processes © ~r
than on cor  3tions. Draw a flow

A GUIDE T “OGRAMM’

{PROBLEM 2E, PAGE 50

SPECIAL VAR(ABLES XINIT, XiNC, XFIN ,
READ XINIT, XINC, XFIN.

FROM X=XINIT 8Y XINC UNTIL K>XFin

/ I AY
\ PR'NT Y:‘- \\/, 1+x + cunh ek

FINISH,
D12
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APPENDIX E
K-M Examples

(Programs as Compiled and Executed)

Ei

-



APPENDIX E

The tollowing 20 pages are the K-M ecxampie set give to studentis duriagy
the initial lecture.

Eii

v
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b
> FROM :=4 8Y 2.5 UNTIL 13 60 PRINT Li2.3 .

FINISH.

S0810 FROM l<g BY 2.5 WNTIL [ GREATER THAN OR FQUAL:ITG 6@ PRINTII(2e

1]

39020 FINISH R "
*

DY

-

Xl4=3.14159268
X15=8.7182€18
97777  FORMAT (E14d.8) '
A57=2.
QlacQng.5)/7aBSF( Q) .
GOTO 9008) *
0902  XS7eXS7+£.5
WOO1  IFC(XST=(68+)))90004, 98043+ 90065
90004  Pluxs7
9We8S  FORMAT (F18.2,4X)
WRITE 2,90005.P1
GOTO 90892
96903  CONTINWE
END

’

¥ \\‘ o+¢ B ey - ’A’/y r:: om“ F |
Correcthes h~( .i“.r.!c. ?‘(»7
60/7‘9* Ck&rceL&—

200
4.59
T7.00
950
12.00
14+50 ‘
17.00 )|
19.58
22.00
24.50
27.06
29.59
32.00
J4.50 j
37.08 L
9.50
48.00 :
44.50 i
!
1

PR —a

47.00
49.58
58.00

5450 \0+¢ {.’,f Wl & . et
57.09 / i
59.50

LAY




RS d

FAA MM 1=2R oG Thar e m,ﬁ.ﬁ“‘r\,‘w\‘/ ST A

WUl Rl Lmew- Ay g aled .-
Coves o

€D n. 0

LU 7

-

A,=L FROM i=) TO n. READ X. P= >

1=C

PRINT X,P. FINISH,

S@eld MAXIMUM N=R§
S@eed . REaAD N

50039 A SUB (1'sl FROM Ie@ TO N

S@849® REAL X

S0958 PaSUM VITHIN (Nal=@) OF (A SUB (1)sX BAISFC TO ¢I1))>

S@068 PRINT X.P
SOQ7@ FINISH

DIMENSION XAR1(0026)
X14n3.1415986S
XiSeg.7182818
@7777  FORMAT (E34.8)
READ 1591777.X72,
+5Tug,
‘ALmGAm) ¢ IZABSTCQ)

. 80TO 9884r .
20008  XS57uxSTei. =
9008t  IF((XT2-ASTIS0L )9“'3.9“'4. segea’
90004  X2)(11aNSTH1.)nXST

€0TQ 968008
908003 READ 1,9TT7T,X67

A X*
Py

XA47Tn SUMCXSTul., SW?G!ST.W!;U'XQH.}I‘%ST‘-!-)026‘"(!57)')

P!-’KG".
- PRsxa?
WR1TE 2,97777,P1-P2
D

Note UM there, V¢ an.

k/ whigh,  Gtoces values . for
INPUT lﬂ 12 .
- 12000080+038 .11583561+1%
x P

N

\n + 19“"'(2.
’ ?“Qholx

s




y
s
ST yen O TOPUTE s ! X dx ND  PRINT FORMAT 1, 7,z
v Sy
€A ~
- ~
o}
SR AT C THE INTFGRAL FROM O TO x IS xxx.xxx APPROXIMATELY . FINISH,

80819 FROM Ya] TO & COMPUTE Z=INTEGRAL WITHIN (Y.Xe@d) OF (X) ANDt L
PRINT FORMAT 1,Y,Z v

SP920 FORMAT 1 THE INTEGRAL FROM @ TO X IS XXX«XXX APPROXIMATFLY 1§
SPB3@ FINISH ,

Note, W tupmy wgoh
chooddd S
l X14%3.14159265 O beged s
X18=2.7182818 oukde Tra (f
97777  FORMAT (E14.8) — \
Xi10l=1. -
Ql=(Qw)e)/7ABSF(Q) L N w\,rw
GOTO 99901 - L e
90002 X101sX1Blel. + lowar e
99881  IF((6.-X181)+Q1)90603,90084,90004 he  sywiel or=
99904 X1029XINT(X100=8.,XINTI(X100,X101),WeX108)
PleX101 .
P2eX102 !
WRITE 2,60001,P1,P2
GOTO 90002
90003 CONTINUWE
60001 FORMAT (0024H THE INTEGRAL FROM @ TO ,I11.6904H IS ,F7.3,0017TH 4
APPROXIMATELY )
END

THE INTEGRAL FROM
THE INTEGRAL FROM
THE INTEGRAL FROM
THE INTEGRAL FROM
THE INTEGRAL FROM
THE INTEGRAL FROM

T0 1 18 «500 APPROXIMATELY
70 2 18 2.000 APPROXIMATELY
T0 3 IS 445008 APPROXIMATELY?
T0 4 1S 8.000 APPROXIMATELY
TO S IS 12.500 APPROXIMATFLY
TO 6 1S 18.998 APPROXIMATELY 4




s

ATOM=5, PRINT ATOM. FINISH.

WAdE  Declamd . 375cac vARMALLL BTN,

ATt =0

E&rck shoved

g E Aseen
“V\ D

(A

50010 AsTNOsMeS
S0098 PEINT AeT#OwM
S0030 FINISH .

-

X14%3.14159265%
! X15«2.7182818
: 97777  FORMAT (F14.8)
! X210X639X466X84n5.
PlaX21sX63¢Xa6¢XA48
WRITE 2,97777,P1
END

e AR gunudgsnRdgdnddansgangudgidanaddnslsdiniisdusscindadanyasyasungs r'

ES |




L atRatk

T~

T COMPYTT

AND GF L d € WS THEN FTINT ¥, QL

[ L0018 REAL C SUP (1) FROM 121 TO 1@ E)(ECUT/ON 1 oF A

Seved FROM
Id)*x RAISFL
PRINT X,Q
S8030 FINISH

10 <(I)) AND

X=-5 FY .§ TO 3 COMPUTE Q=SUM:WITHIN (1@,I=1) OFSC(C:SUR ¢
IF ARS(Q) LESS THAN OR EQUAL TO

«5 THEN

SUMI (X575 10+, waX23([1uX5T¢1.)$XET7t(X57))

a | -~
/<;"”*wj x&i; {/fu[ o kﬁ}z;«;&f

TIMENSION 223(00211)
X14=3.1415926%
X15=2.7182818
7777 FOKMAT (El14.8)
X57m) .
Ql=(Quw]l ) /ABSF(Q)
GOTO 900621
90002 X57=x57¢+1.
99001 IFCC1B+~X57)+31290803,90004,90004
98004 READ 1,97777,X%X23(11wXS5T¢1e)
GOT0 90ee2
90083 X6Tu-5,
Qe=(Qa.1)/ABSF(Q)
GOTO 90085
28306 X672X67+.1
90095 IF(C(3+-X67)%02)908007,90010,50018
90010 X50® SUM(XS5Twle»
IF(ABSF(X50) -(R1=(+5)))90011,98011,900812
90811} Pi=X67
P2=X50
WRITE 2,97777,P1,P2
90012 GOTO 92006
90007 CONTINUE
ENL
€0
¢ Cr (4 )
77
INPUT 2 7 3 9 1 6 75 55 51
- +40000000-00 .35547382-00
~+30000000-00 .21859741-81
~«20000000-00 -.12963620-00
~+10000000-00 -.13210451-00
~«23719421~88 ~.47439244-08
«99999997-01 .27391689-00

% N e

* Q

E6




90004

k

6010 READ C SUB (1) FROM 1=l TO ¢  EXEFcyTion J OF 2

$8020 FROM X=-5 BY

ID#X KAISELC TO
PRINT X.Q
SQ030 FINISH

(1)) AND

TIMENSION X23¢0@11)
Xt4a=3.14159265
X15=2.7182818

977117 FORMAT (Fla&.8)

XS5T=1.

QisC(Qml+) 7ARSF( Q"
GOTO 90001

90842 XS5TeX5T414

90001 IF(C10.~X57)2Q1)90003,90004,9P004

GOTO 9902

90883 X6Tu=5.

Qe=(Q=.1)/ABSF(Q)
GOTO 9edes

90006 X6T=X67+.1

900685 [F((3.-X6T71%Q2)900387,90012,900190

0019 X58m SUM(XS5T=1.,
IFCAPSF(X58)

90811 P1eX67
P2sXx5e

wRITE 2,97777.P1,P2
9gole G0TO 90806

90007 CONTINUE

END

/)

”
’;—-__aAua——-\

-+ 60000000+00
~+50000000+00
~+40000000-20
~+30000000-00
~+20000000-00
~+10000000-00
~«23719621-08

+99999997-81

+19999999-00

«£9999999-06

{~v

Ca

/s /

INPUT 1 2 3 4 S 678 9 1e
N

,»~1E:—~\

«38971699-80
«28125000-08
«196£3936-40
-1 2249988-080
«61111£211-81
«17355371-01
«112524089-16
«83456788-01
«11249945-080
«31221596-00

e} TO 3 COMPUTF:QaSUM BITHIN (18,1»1)> DOF (C SUF%(
IF ABS(Q) LFSS THAN OR FQUAL TO .& THEN

READ 1,97777,XE3C112X57+1.)

SUMI(X57,10.),WaXPI(11#X57+1)«XET1(X57))
=(R1®(+5)))9¢811,90011,90012

é"’ Nofe .

AN




H F2ov v 3 BY L6 Te 2 PRINT 'Q:?X?‘-TX?-WJ . FINISH

s@210 FROM X3 BY @.5 TO 13 PRINT @=3%X RAISED TO (2)+7+X
RAISEL TO (3)-19
S0020 FINISH 1

1453414159265 .
x15=2.7182818 .
97777  FORMAT (F14.8)
Xe7=3. -
Q= (Q=B8.5)/ARSF(Q)
GG10 90a01
90002 X67=2X67+8.5
90001 IFC(13.-X6T)2Q1)90083,90004, 900084 ‘
90004 PlaX5@a1.%X671(2.)+7.%xX671(3.)-19. '
WRITE 2,97777,P1
. GOTO 98082
90803  CONTINUE
END

©19699999+03 i
+31787499+a3

c47699999+03

+67962499+93

«9309%999+03

-12363749+04 /

.31928745+24

+37569999+04 Qud 'Y‘
< 44966249 +04 w P
+ 53269999404

.62533749+04

+72889999+04

«B41S1249+04

“96689999+04

.11223874+0S

< 12508999+a5

c14121624+05

«15866999+85




MAX IMUM n=30.

READ n.
A1=1 FROM 1=0 TC n. READ X.
n
Py = 1
AX7,
b 1
i=0

PRINT P, 1. PRINT FORMAT 1, n,¥,P.

FrRMAT v THE POLYROMI AL OF DEGRFF x , ARGUMENT xx.XX , = YXX.%XXX .

FRc%s 1-0 T2 PRINT 1 4 | A112+.

FINISH.

5 Woie  MAXIMUM N=3@

S ¥d2p EREAL N

S 8930 A SUB (I)=1 FFOM I=0 TO N

S804 FEAL X

S @058 P=tUM WITHIN (N,120) OF (A SUE (1)*X FAISFI:T0%C1I D)
50060 FRINT F»N

S 8@73 PFINT FOFMAT 1,N,X.F

S@080Q FORMAT 1 THE POLYNOMIAL OF TFGFFF'-I)\ » AFGUMFNT XX XX , T®wIXXX X
XX

S9098 FHOM 1=@ TO N FRINT I1(2),A SUF (1)(?)
58100 FINISH




CIMENSION Xx21¢@aa31)
X1423.14]150265
X15=2.7182818
97777 FOEMAT (El14.8)
READ 1,97777,Xx172
XS57a@.
Qim(Q@ml.)/ARSF(Q)
60TO 9900}
9 2002 RSTuX57+1.
% 2021 1F((X72=-X57)9Q1)98803,900834,988A4
98084  X21(I1mxS57+1.)=Xx57
GOTO 90002
98003  REAT 1,97777,X67
X4Tm SUMCXS788er SUMI(XSTsXT72)s umXP1(1)aX57¢])e)eXCTICXST))
Plaxa?
PR=x72
«KITE 2,97777.P1,P2
Pl=x72
P2%X67
P3mxa7
WRITE 2.68001,P1,P2,P3 -
& 9001 FORMAT (3@2SHTHE POLYNOMIAL OF LFGRFE ,11,00812¢ , ARGUMENT .FS.
" £2,98@SH » = ,F7.3,0008H )
X57=Q. .
Q2= (Q=)+) /ABSF(Q)
80TO 99€0S
9 #8006 XSTmX57¢1 .
9 9908S IF((XT2-X57)*Q2198007,90014,90018
990210  Plsxs?7
T pR=X21(11mXxS5Tele)
Jed1} FORMAT (18,6Xs18,6X)
wRITE 2.90011,P1,P3
GOTO 9¢006
9 0887 CONTINUE
END

INPUT S 8

~18354999+65 .50000900%81 . -
THE POLYNOMIAL OF DEGREE & , ARGUMENT S+001, = 1.185¢+68
[ @: ’

b

—




MRY AT

MAXIMUM n=2C.

PRINT X;=1 FROM i=1 TO 1C. LENGTH CF X IS KNOWN }

READ n, FR0M 1=1 TC n FPRINT Y,=1. {THE LENGTH CF Y IS FIXED BY o

PRINT 7 = j© FROM J=1 INTIL 73 Gk, { STOF WHEMN 7 3 oL}

PRINT n.
FINISH,

SE815 NAXINUM Na2®

seee® PRINT X SUP. (1Yo} FROW 1=l TO 18

se93s

READ N
804d FRON [e] 10 W-PRINT ¥ SUP CideL

saese-

PRINT Zed RAZSED 7O (8) FRON Js| UNTIL Z GREATER THAK O FOUALITO 94
sesess -

PRINT N
50070 FINISH

Execution on nexf page
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9717717

96892
9062}
segea

94003

98006
90003
90010

90087

90212
90011
%014

90013

DIMENSION X67¢3011),X78¢0821)

‘X14m=3¢3141%9265

X15=£.7182818
. FORMAT (El14.8)

XSTsl.

Qi=(Qn] ) Z/ABSF(Q)

60TO 90001

XS5TuX57+2s .
IF(C1IR.~X57)+Q1)90023,90004, 950004
PisX67C1laX57+1e)aXST .

WBITE 2,97777,P)

GOTO 90802

READ 1,977T7T7.XT2

XS7=i .,

Q2=(Qw] « Y /ABSF(Q)

GOTO 99005

XS5TuXS5T+1 .
[FU(XT2~-X57)¢Q8)90027,9001€,900810
PleX70C]1aX57¢1+)8X87
WRITE 2,97777.P}

GOTO 99086

X6@s=).

Q3=cQmi <) 7ABSF(Q)

GOT0 9P01}

A6B=XED*]) » :
IFCIXTI=(94.3))90030,98013,908013
Pl=sXT7isX608t(8.)

SRITE 2,97177.P1

GOI0 90618

PleXxTe

WRITE 2,97777.21

END

- 19000800 +8)
~20000000+9}
+30002000+91
«A0000000+81
«50009000+01
+60090080+9)

- 70000008+01 Y. !
«80004000+01 &
«92000080+8) !
-10000800+0
+198900088+8)
«29000008+01
-30008000+01
«40600000°0)
«$0000000+01
~60000000+01
«70006800+0)
-80060206+981.
«90000000+01
~19900000+02
+11000000+02
«120008p0+02
-13¢90000+02
+l4000B0R2+ 08
_elSgaQoeesae .

.

«10000060+0!

399999991
«89999999+¢1
« 159999994922
«24999999+002
+35999999+02
«H8999999+02
«63999999+82
80999999« g2
+99999999+08
»15000000+02

-




e

FOR 1=1z2,...,1o FT’RBNY, 1 .
P FirIN 3,
e ERESR CORRETRS™> l;gTN%:EA E255ALPHA,!?ETA,GAMMA,ZETA.

wiTH ovgrRTY?® |FINISH.

seeleo FOR I=1,250¢0518 PRINT 1(2)

SPe20 FOR JU=5(10)55 PRINT J(2)

Ny e s G O

SP939 PRINT LABEL ALFHA.BETA, GAMMA,ZFTA
SP049 FINISH

X1423.14159265
X15=2.7182818
97777 FORMAT (E14.8) '
XSJ-\- .
Q1=(Q=2e=(1.))/ABSF(Q)
GOTO 99901
sQeee XSTeX5748e=(1¢)
99001 IF(C18+-X57)+01)90003,98004,90004
804 Pi=x37
20005 FORMAT (18, 6X)
WRITE 2,90005,F1
GOTO 9seee
90003 X60=S.
Qe=(Q=10.)/ARSF(Q)
GOTO 90006
98007 X60=X60+18.
900086 IF((55.-X60)+02)90018,90011,90011 I
90011 PlaXxé@
9ol FORMAT ¢18,6X)
WVRITE 2,90012,P!}
GOTO %0807
98210 CONTINUE '
90013 FORMAT (4X,000SHALPHA, 5X, 5X, 800AHPETA, SX, 4X, ARG SHGAMMA, SX, SX, 00
PA4AHZETA)
WRITE £2,90013
END

OVTPVUT

-
NBORIOVELNL -

W 0O =
SO Wn

(LY 4
(TR ]

ALPHA BETA GAMMA ZETA

El13

[




't
-

S0038
S80a0

o+ STATEMENT 5 FRoM Y=1 TO 11.

PRINT Y A2 . STATEMENT 5. FINISH,

LOOP STATEMENT 5 FRON Ye| T0 11-

PRINT Y(2)

STATFNBNT S
FIN1SH '

NI

%0802
99001
e84
Waes

X1423.14159265-

X1502.7182818

FORMAT (E}14+8)

x78%1. : )
‘Qle(Qu keI /ABSF(Q)

‘GOT0 9ee001

X70=X701 . B
1FCC150-X70) 200 98083, 900804, 90004

. PisX7@®
- FORMAT (]18a.6X)

ot
3

T I R LI L

- WRITE 2,90085,P1
010 90098
CONTINUS

-CONTINUE..

g




SN J / RS
705 5 / vl 9

PRINT Z

FRCM @=,1r BY .05 TO L5n .

FINISH,

S0912 PRINT Zes((SINC(THETA))/C(COS(THETA)Y)>)*SQRT(((1)/((COSC(THETA) >
RALSED TO (23)))

FROM THETA=.1#Pl BY <05 TO .4S*PI
$0028 FINISH

X14=3.14159265
X15=2.7182818
977717 FORMAT (E14.8)
X33=.18X14
Qis(Q=.05)/ABSF(Q)
GOTO 90001
9es0e X33=X33+.05
90001 IFCC.45%X14-X33)¢Q1)902003,90004, 90004
9004 P1eX71=((SINF(X33))/(COSF(X33)))8SORTF(((1+)/(CCOSF(X33))1(P+)
))
WRITE 2,97777,P1
GOTC 906602
99083 CONTINUE
END

«34164297~00
«407908823~00
+48018216~00
«55987554+00
+64870550+90
+ 7487989 7+80
«86279701+00
«99410211+08 TP r
«11470832+01
+13274886+01 ov v
¢« 15438055+01
«18041]34+01
«R1254097+81
*2527789R¢81
«30416688+01
«37135437+01
«46164769+01
«58718487+01
«76879986+0)
104631844082
+14993454+02
+83850644+02

N

-




R=15=_N{el2js1
SRINT %,0. FINIEH,

S0010 R=15~LN (E RAISED TQ (1S5))+1 AND D=9-L0G(1@8 RAISEFD TO (9))+3

Seeee PRINT R,D
S8838 FINISH

X14=3.14159265%
X1522.7188818

977177 FORMAT (E14.8)
X51315.-LOGF(X15¢(15e))¢1e
X2429.-CLOGF(10.1(9:))+3,
Pl=x51
P2s=X B4
WRITE 2,97777,P1.P2
END

+10000001+01 +29999999+01




P, = .99 FROM 1=1 T0O 100.
P, IS THE REL_IABILITY INDEX FOR COMPONENT &

Q= Ir Py PRODUCT FUNCTION  PRINT G.

R=100Q.

R=THE TOTAL DEVICE RELIABILITY FOR 100 COMPONERTS }
PRINT FORMAT Y, R,

FORMAT 1 THE DEVICE (S xx.xxxx PER CERT QEL1AE.T.
FINISH.

50018 F SUF (1)=.99 FFOM I=) TO 104
S0020

Q=FROLUCT WITHIN (108,1=1)> OF (P SUF (1))

ExPLic1? nm.fsfucnn.g

SP939 PFINT €

NoTéE
50042 K=100%Q r

Se0ce
FFINT FOFMAT 1,R

S@06€ FOFKMAT 1 THF CEVICE 1S XX.XXXX PFR CFNT RFLIAPLF
50070 FINISH

CIMENSION Xx47¢22101)>
X14=2.14159865
A15=2.7182818
977111 FORMAT (E14.8)
X57=].
Ql=(Q=1i+)/ARSF(Q)
G010 980!
seeoe X5T=XS57+1.
9000 IFCC100.=-X57)%Q1)90083,90004, 90004
900024 X4T7C11aX57+1.)=.99
G010 90002
90003 X50= PROD(XS7®)es PFODI(XST7,1000),baXATC(11eX57¢].))
P1sX50
oRITE 2,97777,P1
X51s100.+X50
Fl=sxS5])
SRITE 2,60001,P1
9001 FOFEMAT (@81SHTHE DFVICE IS »F7.4,0018H PER CENTYRFLIARLF)
ENL

-36603233-00
THE CEVICE IS +3668+82 PFR CFNT RFLIAPLF

prew




FROM 1=1 TS 11 AND k=59 TO 102 PRINT 1 B ,k {3

WUTE THAT OUTER LOOP

S EAERCISED FIRST }

Fliv-SH,
S0810 FROM 1=1 TO {1} AND Ke99 TO 188 PRINT TCRIKEN)
sedg0
FINISH
X1483.18159268.
X1S=2,7182818
97777  FORMAT C¢Ela.a)
X61999.
QI=€QmL o) /ABSF( QY
GOTO 9gse!
90082  X61su6141.
90881  IFcc 102--x61) 01 rooua.nna.onn
90008  XST=}.
Q2e(Qml . ¥/ ARSK( o)
GOTO S00es
99086 XSTeXST+).
90988  1F((1) x.-xs'nooenun.snu.ouno
90816  PlaxS7?
PRuX6 1k
260011 FORMAT (18,6X,18,6X)
WRITE 2,96015,P1,pP2
80T 99996 )
986807 - GOTO Sesen. . HeN
90003 ' CONTINUEL
D . THIC
. - SP- PR 'kl s Y " ‘__
— gy - 1 187
et : 2 1o
3 o 2 ¥ 3
Y 9 # in
5 99 S 8
6 2%, 6 184
? o9 T- 18
& "'"_ 8 , ‘208
9. f”" 9 . 188
1@ % 17 Rl
¥ (9 1 104
L 108 1 fee"
2 100 2 los
3 ’n‘ A 3 m
“a 100 . 109
s 100 * S iee
b1 168 6 isg
7 199 7 fes
s 188 s iee.
° 100 kg L d
19 109 10 102

THIS was PRINTED
OUT FIRST




FROM N=1 B8Y .65 TC 2C
PRINT  FORMAT 1 , N, TRUNCATE (N).

-

FORMAT 1 FOR N=xX.XxxXx TRZ T<UMNCATE 1o

=

s

: FINTISH,

| S8018 PROM N=I BY .66 T0 20 PRINT FORMAT 1.,N, TRUNCATE (N>

SB080 FORMAT )} FOR- NsXXeXXXX "IA'HEl TRUNCATFILS XX .
S983¢ FINISH ’ .

 N14w3.14159265
: X15+2.7188818
9%17% FORMAT (E14.8)
Xa%Sel. )
Cle(Q=.66) /ABSF(Q ¥
GOTO 90801
908e X458 X445+ .66 - P
20001 IFC(20+.-X45)¢Q1)90083,90084,50004
90084 . Plex4s .
- PReXINTGCXAS) — !
WRITE 2,68001,P}, P2
a0T0 9sPe2 -
98093 CONTINOE X : _
60001 FORMAT (OGS6HFOR N=,F7.4.8Q19H. . THE TRUNCATEIISt,I2)
™o ek, .

FOR N= 10080 THE TRUNCATE 1S
FOR Nw 1.6608  THE TRUNCATE IS
FOR Ne 223208  THE TRUNCAIE IS
FOR N= 2.9880° THE TRUNCATF 1S
FOR M= 3.6460 _THE TRUNCATE 1S
FOR N= 4.3096 THE TRUNCATE IS
FOR N= 4.968€ = THE TRUNCATE 1S
POR Ne 3.6268 - THE TRUNCATE LS.
FOR M= 6.2800 THE TRUNCATE. 1S
FOR Ne 6.040€6. THE ‘I’m‘l’: s
OB Ne=. 7.6080 . THE TRUNCATE 18
FOR N= 8.2600 ' THEK: TRUNCATE. IS -
POR-N= 8.9208 = THE TRUNCATE. 1S
POR Ne $9.8860 ' TRE TRUNCATR IS
FOR N» 1824492’ THE TRUNCATE 1S
FOR N= .1089+02° TME TRWNCGATE IS
FOR N» .1155+08 THE TRIRCATE IS
FOR N= .|281+08 THE TRUNCATE IS
FOR Ne .1287+08 THE. TRAWCATE 1S
FOR N=» .1353+@8  THE TRUNCATE 1S
FOR N= .1419+62 THE TRUNGATE IS
FOR Nw» 1485402 - THE TRWNCATE (S
FOR N= .15S1+02 THE TRUMNCATE 1S
FOR N= .1617+0€ THE TRUNCATF IS
FOR M= .1683+¢2 THE IRUNCATE IS
FOR Ns= .]1749s00 THE TRUNCATE 18
FOR Nw .|8135+92 THE TRUNCATE IS
FOR N= .1881¢0¢2 THE TRUNCATE 1S
FOR N» .1947+02 THE TRUNCATE 1S
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o1 3y .2

TC 3 COMPUTE a=C2S

- nwn

(3) AND v=C0s™1 {a)

58019 FROM THETAs.Y !Y «2 TO 3 COMPUTE ALBHA'COS(TH!TA) AID ‘GAMMAS
ARCCOSCALPHA) AND PRINT THETA» GANMA, THETA~GAMMA
S8029 FINISH

X14u3.141 59865
X15=2.7182818
-97777. FORMAT (E14.8)
X33n.1
_ G1m(Qee8)/ABSF(Q)
6070 98861
90688  X33eX3Je.2
90081  1F(C3+-X33)901399003, 96004590904
98884  X35=COSF(XJIS)
X183IsARCOSF(XSS)
Plex33
. PRmX183
PIeXII-ATIEY
SRITE 2,9717T7:P1,PRsPS
GOTO 98888
98863 CONTINUE
<10000000-00 - [5009800-0F ~.12387406-08"
+30999088-08: 3000800890 ~.80934757-80:
~50000000-00 - S0000800+00 ~oL19375T8-08
«T0000060+80. +70080860+00 --FITTHI00-08
+899999990+88 +96000088+00 --E£70898 7-08
+ 11000080461 _<11000000+681 -.34348519-08
«13000088+81  +13560800+8) 1838 3008
«14999999+01  +15000860+61 -.36068749-0F
«16999999¢01  <17000808+01 -.27357600-08
«19000088+01 - - 19088808+0}. -~ .I8R6TI83-06
«20999999+01  ~210000008+01 ~.27939677-08
+82999999+81. R3800088+0]) -+19790684-08
224999999481 24999999401 14901151-087
«26999999+01  <R6999997+61 .28570887-66
«86999999+01 38999977481 2201297385




MISSION
of
Rome Air Development Center

RADC plans and executes nresearch, development, test and
selected acquisition proghams in support of Command, Contrnol
Communications and Intelligence (C31) activities. Technical
and engineening support within areas of technical competence
48 provided to ESD Progrnam 0ffices (POs) and other ESD
elements. The principal technical mission areas are
communications, electromagnetic guldance and control, sun-
velllance of ground and aerospace obfects, intelligence data
collection and handling, information system technology,
{onosphenic propagation, solid state sciences, microwave
physics and electronic neliability, maintainability and
compatibility.
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